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“... all published studies 
of the results of 
penicillin therapy alone 
indicate that in early 
syphilis a failure rate of 
15 to 20 per cent may be 
expected. . . . It is 
recommended that the 
penicillin treatment of 
patients with primary 
syphilis, secondary syphilis, 
early latent syphilis, late 
atent syphilis, and late 
syphilis be followed by 20 
arsenoxide [oxophenarsing 
hydrochloride] injections 
... and 10 bismuth 
injections . . ."* 


Over 215,000,000 injections emphasize the 
spirocheticidal effectiveness and relative safety 
that have made MAPHARSEN a byword in 
syphilotherapy. Easily prepared and rapidly 
injected, it is equally adapted to the intensive, 
intermediate or prolonged treatment schedules = 
alone or with penicillin. 


MAPHARSEN (oxophenarsine hydrochloride, 
Parke-Davis) is supplied in single dose ampoules 
of 0.04 Gm. and 0.06 Gm., in boxes of 10; and in 
multiple dose ampoules of 0.6 Gm., in boxes of 10. 


“Office Management of Venereal Diseases, Bureau of Social Hygiene, 
Department of Health, City of New York, Sept. 1949, pp. 9 and 10, 


PAR 


KE, DAVIS & COMPANY 


* 
t h 
W | 
‘ 
= 
j 
— 
= 
‘ 
. » . 
ER 


BRITISH INFORMATION SERVICES 
+30 Rockefeller Plaza 


MEDICAL RESEARCH COUNCIL 
of 


GREAT BRITAIN 


Some Recent Publications 


Report of the Medical Research Council for 
the years 1945-1948. (Cmd. 7846.) $1.25 


Researches on the Measurement of Human 
Performance. By N. H. Mackworth. Special 
Report Series No, 268 (1950) $1.00 


Studies in Air Hygiene. By R. B. Bourdillon, 
O. M. Lidwell and J. E. Lovelock, et al. Special 
Report Series No. 262 (1949) $1.70 


Reports on Biological Standards: VI.—The 
Design of Toxicity Tests. By W. L. M. 
Perry. Special Report Series No. 270 (1950) 40c 


Britisn GOVERNMENT PUBLICATIONS : SECTIONAL 


List No. 12 (1950) 


A Catalogue of the Publications of the Medical Research 
Council and their Industrial Health Research Board 
Free of charge 


Prices include postage 


Obtainable from 


New York, 20 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 


and abroad, ARCHIVES 


illustrated. Ably edited. 


Your experience exchange for the field of Skin 
Diseases and Syphilis—A valuable guide in your 
Practice—Archives of Dermatology & Syphilology 


SIGNIFICANT DEVELOPMENTS reported monthly to the 
specialist and the physician in general practiceg From 
hospitals, clinics and government treatment centérs here 
OF DERMATOLOGY AND 
SYPHILOLOGY gathers news of current trends in treat- 
ment and diagnosis, group case studies, clinical notes and 
comment on cutaneous conditions and syphilis. Well 
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Please Begin My Subscription to Archives of Dermatology and 
Syphilol 


$13.50 FOREIGN 


N. Dearborn St., Chicago 10, Ilinois 


logy with the Next Issue 


$12.00 YEARLY 
$12.40 CANADIAN 
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The Dutch painter, Vincent Van Gogh, one of the masters of Post-Impressionism, 

suffered from the psychic equivalent type of epilepsy. During one of his many 

periods of confusion he cut off one of his ears and presented it to a lady friend. 
Comparative studies have shown that in some cases better control of grand mal as well as petit 
mal seizures can be obtained with Mebaral than with corresponding doses of other antiepileptic 
drugs. Mebaral produces tranquillity with little or no drowsiness. It is particularly desirable not 
only in epilepsy but also in the management of anxiety states and other neuroses. The fact that 
Mebaral is almost tasteless simplifies its administration to children. Average dose for children 12 

to 3 grains, adults 3 to 6 grains daily. Tablets 4, 1% and 3 grains. 


MEBARAL 


New 13.N.Y. Ont. 
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Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines requirements. Tests are made in 
initial experimental stage a also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


APPROVED 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


To make certain that Willson gas mask canisters are mois- 
z ture proof, they are given this improved humidification test 
; in our industrial hygiene laboratories. 


§ Since the very beginning of the war on 
occupational diseases of the respirato 
system, Willson has cooperated wit 
outstanding authorities to overcome the 
hazards contributing to such ailments. have been 
Through continuing research, many Inc. for suc 
respiratory protective devices have been manufacturer. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 

ranted to Willson 
equipment than any other 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON STREET, READING, PENNA. 
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SYMPOSIUM ON PREPAYMENT HEALTH PLANS FOR 
INDUSTRIAL WORKERS 


MEDICAL CARE FOR INDUSTRIAL EMPLOYEES 


THOMAS A. McGOLDRICK, M.D. 
Member of Council on Medical Service, American Medical Association 
BROOKLYN 


T IS WITH great interest that the American Medical Association 

through this correlating committee of its Council on Medical Service 
awaits the proceedings of this meeting. Medical care that can be obtained 
by the worker through his industry has been available for a compara- 
tively small number of years, and its extent is not fully recognized by all 
the people. Yet, there are more than 18,000 plants in this country where 
health plans are in operation, and more than 2,000,000 employees par- 
ticipate in their benefits. All the medical bureaus are not alike in the kind 
or the amount of service rendered. Some protect the employees from 
the hazards of disease arising in their occupations, recognizing and 
eliminating any causative factors and providing individual workers with 
protective devices and medical treatment. Some provide early care of 
injuries in first aid stations with an attending physician and nurse, while 
for necessarily longer care and rehabilitation the injured employee is 
assured of some benefits through the more or less limited workmen's 
compensation laws in 48 states of the Union. Some medical care bureaus 
have in-plant clinics equipped with laboratory facilities and may have 
hospitals of their own or are affiliated with nearby institutions where 
needed hospital service may be obtained. 

The extent of medical service available to employees differs widely 
in industries and localities. Some give advice and treatment, aided by 
complete diagnostic laboratories, to ambulant patients and, when pos- 
sible, laboratory aid and supervision to patients confined to bed and 
home. 


Many employees, however, do not or cannot obtain all the benefits 


of the well conducted bureaus of our large industries. Fortunately for 


them, there are other means and places for obtaining medical care and for 
easing the financial burden of full hospital, laboratory, nursing and 
medical service. 
The voluntary prepayment plans of the Blue Cross and the Blue 
Shield and of the lay and medical society-sponsored groups in 40 states 
This paper is the first in a “Symposium on Prepayment Health Plans for 


Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 


sponsored by the American Medical Association, New York, Feb. 20, 1950 
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cover to varying degrees, by medical service or by indemnity, the needs 
of many millions. 

Commercial insurance companies underwrite millions of policy hold- 
ers for health or accident disability. 

Labor unions and associated groups of unions provide some medical 
assistance to hundreds of thousands of members, although there are 
others, large in membership, that do not. 

Some municipalities offer medical care to their employees on a partly 
contributory basis, while in certain departments, as police, fire and sani- 
tation, comprehensive treatment is given to the individual employee with- 
out any contribution from him. 

Indemnity insurance for disability is now in effect in four states and 
under consideration in others. Under such laws the working people 
suffering from disability, occupational or not, must be given a certain 
percentage of their weekly earnings. The details differ in these four 
states, but the New York State law, the latest to be enacted, seems the 
most progressive and with slight addition may well prove the most 
satisfactory. New York state has 6,000,000 employees to be covered by 
disability insurance. 

This committee of the American Medical Association today wishes to 
review the good patts common to all plans for the medical welfare of 
industrial workers and also those distinctive points in the plans which 
apply especially to different occupations, different physical ailments and 
different localities. The aim is to make sources of aid available, by volun- 
tary cooperation, to every employee in the United States. The recom- 
mendations of this meeting and of this committee will be gladly received 
by the American Medical Association, the parent body, and application 


of approved principles will be made with all the means in its power. 
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BLUE SHIELD PREPAYMENT HEALTH 


JOHN F. McCORMACK 
Vice President, United Medical Service, Inc. 
NEW YORK 


LUE SHIELD is the name given to voluntary nonprofit pre- 

payment medical care plans sponsored or approved by the members 
of the medical profession. Therefore it follows that when Blue Shield 
goes to the public and proclaims official recognition by state or county 
medical societies, the public rightfully assumes that Blue Shield actions 
reflect the thinking of the metbers of the medical profession. Since 
actions speak louder than words, it is vital to the medical profession 
that Blue Shield performance wins public approval. 

It seems to me the first question to settle is: “Why the necessity of 
Blue Shield?” There can be only one answer—to knock down the 
formidable financial barriers that block the way of most people trying 
to meet the high cost of medical care. Blue Shield, therefore, has a 
definite mission, namely, to make available first class medical care, 
provided by doctors chosen by subscribers, at a price within reach 
of the public. 

The next thing to make clear is the relationship between Blue Shield, 
the public and the members of the medical profession. In importance 
they rank, first the public, second the members of the medical profession, 
third Blue Shield. The public is subject to illness and injury. Were 
this not so, there would be no need for either physicians or Blue Shield. 
3ut when illness or injury beset the public, they call on members of 
the medical profession for relief, because physicians know best how to 
restore health. It is apparent, then, that the public and the physicians 
are the principals in the proceedings. One needs medical care; the 
other provides medical care. Blue Shield serves to bring the principals 
together. 

Blue Shield contemplates coverage for treatment of medical, surgical, 
obstetric and pediatric conditions in the hospital, in the patient’s home 
and in the physician’s office. This is a comprehensive undertaking 


that must be developed carefully to assure permanence and stability with- 
out destroying the sources of the excellent medical care now available 
to the public. Much thought is being given to ways and means to protect 
Blue Shield subscribers against the paralyzing effects af large medical 


This paper is the second in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950. 
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bills. Of outstanding benefit to the public is the service clause of the 
Blue Shield contract, whereby no additional payment beyond subscrip- 
tion charges is required from eligible subscribers when these are treated 
by participating physicians. This clause remains in effect even though 
catastrophic happenings cause a reduction in allowances made to physi- 
cians by the plan. In effect this means Blue Shield plans are under- 
written by the members of the medical profession. 

Then, there are times when the income of subscribers, even though 
higher than that prescribed for service benefits, is not sufficient to meet 
the costs of protracting illness without causing hardship. On these 
occasions and despite lack of contractual obligations, the close association 
between Blue Shield and the members of the medical profession provides 
an effective medium to ease the financial strain on the subscriber. This 
is possible only because service to the public and not payment of dollars 
to physicians is basic Blue Shield philosophy enunciated by the medical 
profession itself. Blue Shield applies no compulsion either to the public 
or to the members of the medical profession. Everything is done to 
perpetuate the voluntary and confidential relationship between patient 
and physician. 

Blue Shield seeks to enroll every person who can be insured against 
all health hazards that are insurable, at rates the public can afford to pay. 
Blue Shield membership is open to individuals as well as to groups. 
Once a Blue Shield subscriber, always a Blue Shield subscriber, is the 
slogan—so that retention of membership in Blue Shield depends entirely 
on the wishes of the subscriber. 

Blue Shield strives to insure every person who is insurable, regardless 
of age, sex, physical condition or other qualifications, and who can be 
given coverage with actuarial safety to the Plan. 

The confusion existing in many minds relative to the insurability of 
the practice of medicine may be dissipated if thinking is divided into three 
parts: therapeutic medicine, diagnostic medicine, preventive medicine. 
Broadly speaking, therapeutic or curative medicine pertains to the every- 
day treatment of obvious or readily determinable conditions. It is the 
most common practice of medicine ; it offers the best foundation on which 
to build a sound actuarial structure. Many elements of the costs of 
therapeutic medicine are fairly well known, are becoming stabilized and 
provide reliable insurance bases. 

Diagnostic medicine, a tremendously important adjunct of therapeutic 
medicine, presents'a much more difficult cost problem. It involves the 
services of one or more specialists and unrestricted use of laboratory 
facilities ; it is time-consuming for physicians and technicians; it cannot 
be practiced in a perfunctory manner. It must be carefully supervised, 
otherwise legitimate costs will be greatly swollen by the repeated demands 
of persons whose ailments may be more imaginary than real. There is 
much to be learned insurance-wise about the costs of diagnostic medicine, 
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and care must be taken lest they disturb the financial equilibrium of 
Blue Shield. 


Preventive medicine is more costly than diagnostic medicine, and it 


would be wise for those interested in medical insurance of any kind to 
understand the potential financial burdens it would place on everyone 
involved. Usually preventive medicine is thought of as a large scale 
operation conducted through Government health departments and 
agencies. However, it is now being implanted in the minds of the public 
as a matter of concern to each individual. To be effective, it must con- 
template comprehensive and frequent health examinations. How would 
this work out? Life and health are dear to every person; therefore, if 
we are to have preventive medicine, no person can be denied frequent and 
thorough physical surveys. And when everybody is examined, everybody 
must pay. Hence there is no insurance involved. 

If health surveys are to explore the numerous sources of health 
deterioration, the general practitioner must be reenforced by the spe- 
cialist and generous use made of the laboratory. There is no other way for 
timely detection of the many ailments that afflict humanity. Repeated 
examinations and tests impose a mental and physical strain on many 
people ; most physicians would engage in preventive work to the neglect 
of therapeutic practice ; there would be great economic losses to workers 
and industry. All of which advises caution when speaking of insurance 
for preventive medicine. 

It becomes apparent that the division of medical practice indicates 
different approaches to the determination of a proper rate structure, an 
involved subject that cannot be settled at this particular time. However, 
after all is said and done, there can be only one answer to the rate 
problem: Blue Shield rates must be sufficient to meet the costs of 
the medical care the public desires. Blue Shield is young in years but 
old enough to know that any organization attempting to give out more 
than it takes in will surely go bankrupt, that uncontrolled demands for 
medical care can never be satisfied, that there is no such thing as free 
medical care and that unlimited medical care for everybody is a mirage. 

Blue Shield plans have passed the experimental stage; they can be 
no longer looked on as extracurricular activities of members of the medi- 
cal profession. They must be given consideration in the everyday life 
of all physicians. Perhaps an analogy may be drawn between the medical 
profession and Blue Shield and the physician and his secretary. The 
patient chooses a physician and goes to his office for treatment. The 
patient is received by a secretary, who conserves the physician's time 
and energy by recording certain essential nonprofessional data. The 
secretary does not participate in the professional talks between physician 
and patient, has nothing to say about the treatment of the patient and 
does not determine the financial arrangements. The patient looks to 
the physician for results, not to the secretary. By this analogy, the 
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status of the Blue Shield plans becomes plain. These plans are instru- 
ments to facilitate professional relations between the public and the 
members of the medical profession. They do not treat the sick; they 
do not select physicians for the public; they do not set physicians’ fees. 
Hence the public will hold the medical profession responsible for what- 
ever happens under the aegis of Blue Shield. This is especially true 
since the Blue Shield plan is heralded far and wide as “The Doctors’ 
Plan.” But if the medical profession is to be held responsible for the 
results achieved by Blue Shield, the medical profession must control 
the operations of Blue Shield. To do this, there must be a majority of 
physicians on the governing boards of Blue Shield plans. This will 


i enable the medical profession to determine the policies that govern 

' relations with the public—a logical procedure, since no health plan, no 
: matter how labeled, can function without making use of the personal * 
1 services of men and women known as doctors of medicine. And when 

2 ; the use of personal services is involved, the physician, in common with 
4 4 all other persons, has the right to voice the terms under which he is . 
i willing to serve. Any other method will open the door to domination of “ 

: the members of the medical profession by other groups, to the corporate 

: ; practice of medicine, to the metamorphosis of the physician from inde- 


pendent professional man to salaried employee. A Blue Shield plan 
; controlled by practicing physicians protects the professional integrity 
and personal independence of individual physicians. It removes inter- 


mediaries between the public and the members of the medical profession ; 
it establishes a producer-consumer relationship with all the economies 
that come through elimination of the middle man. 

Blue Shield membership approximated 14,267,000 subscribers at 
the end of 1949. Payments to physicians in that year are placed at 
$100,000,000. These figures are impressive, but it would be a grave 
mistake to regard them with complacency simply because they symbolize 
large numbers. Unless they are a true measure of public confidence in 


the medical profession, they are dangerously misleading. In any event, 
Blue Shield still has a big job to d6—that is, to enroll an additional 
100,000,000 people who are convinced of the logic of the proposition 


that the producers of medical care, the members of the medical profession, 
are in the best position to give people enrolled in Blue Shield plans the 
most coverage for the least cost. 


In conclusion and to repeat, Blue Shield is being sold to the public 


as “The Doctors’ Plan.” Accordingly, the public will judge the ability 
of the members of the medical profession to provide first class medical 


care by Blue Shield results. The physicians of America, practicing as 
individuals, have to their credit outstanding achievements in the health 
field. There is every reason to believe that through Blue Shield their 
collective efforts will add fresh laurels to a long record of brilliant service 
to the public. 
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BLUE CROSS PLANS 


PAUL R. HAWLEY, M.D." 
CHICAGO 


HE DEVELOPMENT of plans for the prepayment of the costs 
of medical and hospital care has been hailed as one of the most 
important social advances of the twentieth century. As is the case with 
some other technics and practices which are considered to be modern 


innovations, a backward glance into history reveals that this prepay- 


ment principle is at least 300 years old. In the middle and latter half of 
the seventeenth century, plans for the prepayment of the costs of medical 
care were founded in Montreal, Canada. The subscriber contracts of 
these pioneer plans contained the essential elements of present day plans 
—the benefits guaranteed, the exclusions and restrictions, the duration of 
the agreement, the provision for cancellation on due notice by either 
party and the rate to be charged. 

Similar plans began to appear in the United States in the latter half 
of the nineteenth century. All of these exerted some influence on the 
development of Blue Cross; but the plan which is now considered to 
have been the prototype of the Blue Cross plan was that organized in 
1929 by the school teachers of Dallas, Texas. It provided hospital 
services in semiprivate rooms, including, in addition to room and board, 
nursing, use of the operating room, anesthesia, clinical laboratory service 
and routine drugs and dressings. Full coverage was provided for a 
hospital stay of 21 days with a 33 per cent discount for longer periods. 
Some 1,500 teachers were enrolled initially at the rate of 50 cents per 
subscriber per month. 

The early plans were single hospital plans. Often several hospitals 
in a community would operate plans each in competition with the others. 

The first joint multihospital plan was organized in Sacramento, Calif., 
in 1932. This established the pattern which has since prevailed, and 
today there is no Blue Cross plan which is, by charter, limited to the use 
of one hospital. 

* At the time this address was delivered Dr. Hawley was chief executive officer 
of the Blue Cross-Blue Shield Plans. He is now director of the American College 
of Surgeons, Chicago. 

This paper is the third in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950 
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The Blue Cross ideal has long been the provision of full coverage 
of hospital costs in ward or semiprivate accommodations for a period 
which will cover almost all admissions for acute illness. Chronic illness, 
as such, is not to be excluded, but is to be covered in the same manner as 
acute illness. This, I say, is the Blue Cross ideal. 

Rapidly rising costs of hospital care in the past 10 years have forced 
most Blue Cross plans to depart from this ideal to a greater or less 
extent. Critics of Blue Cross appear to forget that Blue Cross is 
designed particularly for the low income group—even those in the 
marginal income bracket. So, with the rapidly rising costs of hospital 
care, each Blue Cross plan has been faced repeatedly with the choice 
between raising rates and limiting benefits. A rate raise is certain 
to result in the loss of some subscribers—and, in general, the very sub- 
scribers who most need the protection 


Blue Cross rates have risen considerably in the past 10 years but 
have not kept pace with the increase of hospital costs. The difference 
has largely been met through limits placed on benefits—such as ceilings 
on the ancillary services of laboratory, x-ray room and drugstore or a 
fixed per diem indemnity in lieu of full cost of room and board. 

Now that hospital costs show some evidence of stabilization, more 
and more Blue Cross plans are moving in the direction of return to the 
Blue Cross ideal—full service benefits for the period of hospitalization 
covered in the subscriber certificate. Only in this principle of service 
benefits does Blue Cross differ from other types of hospital insurance, 
and Blue Cross realizes that it must return as rapidly as possible to this 
principle in order to justify its further expansion. Blue Cross chose the 
service principle because it is the only principle that fully meets the 
needs of the lowest income group. Blue Cross: has learned that there 
are many people in this country who are unable to pay out of pocket 
even small sums to meet the cost of sudden illness. For such people, an 
indemnity benefit, which covers only a part of the hospital cost, is 
inadequate. 

It has already been demonstrated conclusively that protection against 
the costs of illness must be offered in one complete package. At present, 
56 Blue Shield plans have joint operation with 67 Blue Cross plans, 
either through single boards of directors or through joint operating 
agreements. These Blue Shield plans are growing at a very much 
faster rate than those which operate alone. Even closer cooperation 
between Blue Cross and Blue Shield is essential both to the further 
extension of benefits and to the lowering of costs of this protection. 
\s one example of this possibility, there is the matter of diagnostic 


work-ups on an outpatient basis. Frequently several days of hospitali- 
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zation are consumed in final checks and tests before surgical or other 
treatment is begun. If such procedures can be finished before the patient 
euters the hospital, his stay in the hospital is reduced and the cost of his 
hospital care proportionately lessened. Of course, this would increase 
the cost of his Blue Shield protection, but this increase would be more 
than offset by the decrease in costs to Blue Cross, and the subscriber 
would pay less for his package protection. 

I am often asked the question, “Why doesn't Blue Cross do this or 
that at once—the time is short in which we must meet effectively the 
challenge of compulsory health insurance?” The answer is that experi- 
mentation in all fields of insurance involves grave risk of heavy financial 
loss—and this is particularly true in the field of health insurance, where 
actuarial data are still meager and where costs are yet in a state of flux. 
Unlike the strong commercial insurance companies, the incomes of 
which are derived from several lines of insurance, Blue Cross has little 
money to risk in experimentation. This year Blue Cross will return to 
its subscribers 89 cents out of each of their dollars in direct benefits. 
Eight and a fraction cents will pay the costs of administration, including 
those of acquisition of new subscribers. This leaves only a few pennies 
for reserves. However, Blue Cross is constantly experimenting 
cautiously, and is steadily, if slowly, improving the product it offers. 

One of the great advances in the past year is the rapid extension of 
the privilege of individual enrolment. As of Jan. 1, 1949, only 56 Blue 
Cross and 27 Blue Shield plans offered individual enrolment. During 
the year, 11 additional Blue Cross and 15 additional Blue Shield plans 
made provision for the enrolment of individuals; and 8 more Blue 
Cross and 4 more Blue Shield plans will open enrolment to individuals in 
the immediate future. Within the next few weeks or months, 75 of the 
84 Blue Cross plans in the United States and 46 of the 63 Blue Shield 


plans in the United States will have provision for the enrolment of 


individuals. While I shall not be completely satisfied until all plans 


offer individual enrolment, progress in this direction has been greater 
in the past year than ever before and is most encouraging. 

Here again, however, uninformed critics of Blue Cross have been 
more vocal than helpful. Individual enrolment is fraught with the 
danger of adverse selection, and Blue Cross incurs considerable risk 
in this extension of its program. Considering the dangers in the pro- 
gram, I think that Blue Cross has displayed much courage and a great 
social conscience, 

Another advance of the past year is the increasing number of Blue 
Cross plans which have removed all age limits for initial enrolment. 


While “once a Blue Cross member, always a Blue Cross member” has 
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been a slogan for many years, until recently the majority of plans have 
placed an age limit of 65 years on initial enrolment. 
As to the future, the most important problems facing Blue Cross are: 


1, Further improvement of its relations with hospitals. The great 
majority of hospitals now have a healthy concept of the place of Blue 
Cross in the field of provision of hospital care. There are still a few 
hospitals which regard Blue Cross as a collective Santa Claus who will 
make up losses incurred through educational programs and even bad 
administration ; and there are some which look to Blue Cross patients 
as a source of revenue for plant expansion. Only through mutual under- 
standing of the problems both of hospitals and of Blue Cross can we 
arrive at a program which will be satisfactory to both—and, above ail, 
satisfactory to the public. 

2. Education of the medical profession in their responsibility as pro- 
tectors of Blue Cross. The more Blue Cross is used, the more Blue 
Cross costs the subscriber. This is easily understandable, but what is 
too often overlooked or disregarded is that individual cases of abuse 
of Blue Cross benefits, while they may be only a drop in the bucket, 
add up rapidly into huge sums. We must realize that health insurance 
is the only kind of insurance in the world which has even attempted to 
succeed without the protection of law. Fire insurance could not exist a 
minute in the absence of laws prohibiting arson; nor could marine 
insurance, automobile insurance or even life insurance exist without legal 
protection. But the only protector of health insurance is the doctor. 
It is he who says when the patient goes to the hospital, what he is given 
while he is in the hospital, and when he is ready to leave the hospital. 

Every time a Blue Cross member goes to a hospital, it costs every 
other member money. In a Blue Cross plan with 100,000 members, 
every admission of a member to a hospital costs every other member, 
on the average, 0.07 cent. This seems a very small, an insignificant, 
sum in itself. But let’s inquire a little further. This plan, at present 
utilization rates, will hospitalize 12,000 members each year. If it is 
required to hospitalize 13,000—or if the average stay in hospital is 
lengthened only a day-—each subscriber must pay 70 cents more for 
his protection. In the case of the family, the family rate must be 
increased about $1.80 to pay for this increase in utilization. An added 
burden on the plan of this amount will force an increase in rates. Any 
one can readily understand why the fullest measure of protection from 
doctors is essential to the success of Blue Cross plans. 

3. The third necessity facing Blue Cross is that of educating the 
public, and particularly Blue Cross subscribers, to the fact that one 
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cannot get something for nothing. Someone must pay for every material 
benefit that people enjoy. In an incredibly short period of years, we, as 
a nation, have begun to drift away from the cardinal virtues which have 
made us a great people. When I was a lad, this was a land of oppor- 
tunity. Now it has become a land of security. Formerly it was a land 
of individual freedom, in which initiative and industry paid large 
dividends. Now it is rapidly becoming a land in which an outwardly 
paternal government collects the rewards of our labor and spends them 
as it sees fit. 

Our politicians have seduced large segments of our population into 
the belief that the largesse of the government rains like manna from 
heaven. The people must be made to face the truth—that the cost of 
medical care must be paid for by someone, and that the voluntary 
insurance plans are selling it today at a far smaller cost than the govern- 
ment ever can. 


40 East Erie Street. 
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UNION PLANS 


LEO PRICE, M.D. 
NEW YORK 


REPAYMENT health plans for industrial workers vary considerably 
in scope, benefits offered, sponsorship and administration. In recent 
years health plans gained through collective bargaining in some major 


a i industries received widespread publicity. This news has apparently been 

: i featured because the public has shown special interest in the subject of 
: medical care and the advantages of health insurance. 

i There are about 65,000,000 workers in the United States. Only 

Fe - ; 16,000,000 of these workers are organized in about 200 autonomous 

4 parent unions, which loosely control approximately 75,000 separate 

3 organizations functioning in the different localities, which are known as 


local unions. Therefore the health and welfare clauses in contract agree- 
ments, although they bring some form of health protection to about 
5,000,000 workers, do not in themselves answer the health needs. A fact 


often lost from view is that only an exceedingly small percentage of 

these 5,000,000 workers have succeeded in obtaining actual medical 
service for themselves or their families. Primarily the health and welfare 
programs provide insurance against loss of wages during illness and 
hospitalization benefits. 


Union plans which provide medical service are the exception rather 
than the rule. The notable exception is the plan sponsored and adminis- 
tered by the International Ladies Garment Workers Union for 200,000 
members in New York. This union inaugurated a medical service pro- 
gram as far back as 1913, which has continuously grown and developed 
in a unique manner. Only since 1945 have the health and welfare funds 
heen provided by the employers of the industry. The union’s original 
emphasis on preventive medicine and maintenance of health on a limited 
scope ambulatory basis still holds good. 

Other union plans that offer medical service have developed only 
within the last few years. The St 


Louis Labor Health Institute, which 
serves about 3,000 workers in one city, provides comprehensive medical 
service. About 14,000 members of a few small local unions in New York 
secured contract coverage for comprehensive medical services through 
i health insurance plan 


This paper is the fourth in a 


“Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 


red by the American Medical Association, New York, Feb. 20, 1950 
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The Amalgamated Clothing Workers of America in New York and 
Philadelphia and the Hotel Trades Council in New York, which formerly 
provided wide insurance coverage, are now planning ambulatory medical 
service through health centers. The mine workers’ health fund supplies 
medical service only to pensioned and disabled miners—the working 
miners secure only health insurance cash benefits. 


TRENDS IN UNION HEALTH PLANS 


Trade union interest in the costs of deaths, burials, sickness and 
doctor bills has a long history. In the United States mutual benefit 
societies were formed as early as 1787 as cooperative devices to pool 
resources and distribute the risk of such costs over groups of workers 
in limited circumstances. With the advent of industrialization, mutual 
benefit associations developed into trade unions which carried on the 
tradition of concern for the welfare of members. 

Difficulties of union organization focused the labor leaders’ attention 
on the basic problems of wages, hours and working conditions, and 
permitted little energy to be devoted to other phases of welfare. 

Therefore, it is natural that unions concentrated first on obtaining 
benefits in the form of cash to provide some income for workers during 
periods of disability and loss of earning power. With the development 
of workmen’s compensation laws—which compensate for time lost in 
consequence of occupational accident or disease, labor turned its attention 
to securing protection against losses incurred through nonoccupational 
illnesses. In five states legislation enacting sickness insurance has been 
passed. 


The development of the technic of securing health and welfare pro- 


grams through collective bargaining during the war period of wage 
stabilization resulted in the purchase of insurance offered by commercial 
companies as the simplest way to allocate funds accumulated. When these 
funds were first secured through employer contributions, the employers’ 
influence directed them toward existing insurance carriers rather than 
toward the initiation of complex and costly medical service plans 

Life insurance is usually provided, together with hospitalization, 
surgical benefits, and accident and dismemberment insurance. More 
liberal aspects of the insurance program, found in many plans sponsored 
by the International Ladies Garment Workers Union, include tubercu- 
losis benefits, maternity indemnities, appliances such as eyeglasses, and 
cash assistance to help pay the cost of convalescent care. The most recent 
additions to union welfare plans are pension and retirement programs on 
the pattern of the federally regulated railroad retirement plan and some 


of the management-sponsored industrial welfare programs. 
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MEDICAL CARE 


IN THE INTERNATIONAL 
GARMENT WORKERS 


LADIES 


UNION 
Two hundred thousand workers in the garment trades in New York 
enjoy insurance benefits in addition to prepaid ambulatory medical 
service at the medical institution operated by their union. 

The Union Health Center was begun in 1913 as a result of an indus- 
trial hygiene program designed to eliminate sweatshop working condi- 
tions and to combat the high incidence of tuberculosis in the industry. 
After 37 years of continuous operation it provides a half million ambula- 
tory medical services a year to union members—as many as 2,700 services 
in a single day. 

It occupies six floors of a New York skyscraper located close to the 
garment center and has a staff of 175 physicians, 35 nurses, 30 techni- 
cians and 5 pharmacists to provide general medical, specialty and diag- 
nostic facilities. The work emphasizes preventive medicine and the 
maintenance of the health of the garment workers, to help them carry 
on their industrial activities without loss of income due to illness. Some 
of the developments have been instituted in the last few years in accord- 
ance with the special problems of the industry. 


The experience of the Union Health Center stimulated the Interna- 
tional Ladies Garment Workers Union to establish medical centers in 
other sections of the country. About seven years ago the union in Phila- 
delphia, serving 22,000 members, established a medical center. Since 
that time centers have been built in Fall River and Boston, serving 7,500 
and 13,000 workers, respectively. A center in St. Louis serves approxi- 
mately 15,000 members. Mobile health units serve thinly populated areas 
in Pennsylvania, up-state New York, Vermont and Western Massa- 
chusetts. Further medical centers are now being developed for Cleveland, 
Los Angeles, Minneapolis, Newark and Chicago. 

Case Finding by Photofluorographic X-Ray.—Case finding by means 
of a 70 mm. roentgenogram of the chest has uncovered much unsuspected 
pathologic involvement. Of the first 40,000 persons for whom roent- 
genograms were made, 31 were shown to have active tuberculosis and 
835 arrested tuberculosis, exclusive of other tuberculosis control 
patients. Other conditions found were: 


service 


Neoplasm of lung Dextrocardia 


Substernal thyroid M Bronchopneumonta 
Ab malities in size, shape or Lung abscess ° 1 

density of heart a oven Ge Cystic disease of lungs 2 
Rheumatic heart Boeck’s sarcoid 2 
Coarctation of 2 2 
Aneurysm of heart 8 Foreign bodies 2 
Cardiac anomaly 2 
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The routine miniature roentgenogram of the chest is essential to a 
workers’ health maintenance program, since it dramatically uncovers 
conditions that are easily overlooked in a large and active clinical service, 
Subsequent morbidity studies further emphasize the frequency with 
which serious conditions are discovered by this method. 

Health Maintenance in the Psychiatric Field —The lack of facilities 
for the prevention, early diagnosis and treatment of mental illness is 
apparent to everyone. Private care for mental illness is beyond the 
financial reach of workers in industry. New York provides only one 
mental clinic in each borough, and a referred patient may have to wait 
as much as five months before he can receive service. For that reason 
a patient suffering from a mild emotional disturbance often progresses 
to mental breakdown before effective medical intervention is secured. 

The Union Health Center recently established a health maintenance 
clinic to serve patients whose physical symptoms were considered to be 
psychogenic. The goal is to try to have the worker continue on the job 
and carry on normal activities while he receives supportive treatment on 
a consistent level from a physician in whom he has confidence. The 
service gives him an opportunity to get rid of some of his tension by 
contact with a doctor who understands his personal problem and exhibits 
interest and concern for his welfare. Medical support of this type weighs 
the balance toward continued employment and helps the patient avoid 
a breakdown and institutionalization. The lack of such a service is a 
loss to the industry, to the family and to the community. 

Chronic Disease.—Help for catastrophic illness captures the attention 
of the average person because need for such assistance cannot be ignored, 
and it represents the greatest gamble with security. However, in the 
experience of the Union Health Center the day by day health mainte- 
nance problem of the older worker also needs much attention. With 
constant and good medical support, the worker suffering from a chronic 
disease can continue with his work and maintain gainful employment. 
Patients with heart disease, those with diabetes, arthritic persons, persons 
with defective vision and others who suffer the infirmities that come with 
advancing years can be helped to retain their working capacity and 
continue production. 


Retirement and Pensions.—Pensions have become an important 


industrial problem and are receiving considerable emphasis in present 
union plans. The stress of modern production often results in premature 
aging of workers or chronic invalidism. This is a serious problem to the 
industry as well as to the union. 

Retirement maintains the dignity of a prematurely permanently and 
totally disabled worker who has paid a high premium for this partial] 
security through long years of industrial productivity. Large sections 
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of liberal-minded management as well as union leaders seem to be com- 
mitted to the principle of securing this advantage for workers in industry. 

Members of the International Ladies Garment Workers Union who 
are over 60 years of age and have become totally and permanently dis- 
abled on the basis of medical certification receive pensions. Near-vision 


blindness and cardiovascular disease were found to be the most frequent 
causes of such disabilities. Formulation of standards to cover certifica- 
tion of total and permanent disability is a problem challenging the medical 
profession in this phase of an industrial health program. 


THE MEDICAL 


PROFESSION AND UNION 


PLANS 


; There is no doubt that union health plans are successful only when x) 
‘ they follow clear-sighted medical direction. It is equally clear that unions 
F are striving to secure much needed medical service advantages for their 

: members, Therefore the medical profession has an opportunity to direct . 
; these plans into channels which are scientifically and medically advan- 


tageous, and such direction should be available if the time-honored 
standard of good medical practice is to be maintained. 

The medical profession could modify the situation which fosters feel- 
ings of health insecurity in the industrial population. The difficulties 
workers experience in obtaining good medical care under present 
methods of distribution create tension and foster political action. 

Organized medicine could do more to have good concepts of better 
distribution accepted if it were to acquire thorough understanding of the 
health needs and security requirements of the organized industrial work- 
ers and take steps to help meet their needs. It is apparent that labor is 
convinced of the necessity of obtaining better access to good medical 
service and insurance protection during periods of illness and old age. 
Che medical profession might meet this challenge by devising satisfactory 
means to supply these demands. Such action would be far more effective 
in avoiding nonmedical interference with medical practices than any 
official stand taken up to the present time 
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THE MEDICAL, HEALTH AND HOSPITAL PROGRAM OF THE 
U. M. W. A. WELFARE AND RETIREMENT FUND 


WARREN F. DRAPER, M.D. 
Executive Medical Officer, U. M. W. A. Welfare and Retirement Fund 
WASHINGTON, D. C 


HE PURPOSE of the United Mine Workers Welfare and Retire- 
ment Fund is: 

To work toward the objective of providing a prepaid form of hos- 
pital service and medical attention for the members of the organization. 

To utilize existing hospital facilities and the services of private 
physicians under arrangements that will guarantee satisfactory standards 
of service. 

To freesthe membership from paying a monthly amount deducted 
from their wages by meeting the expense of hospitalization and medical 
care through the U. M. W. A. Welfare and Retirement Fund. 

To consider the provision of additional and more specialized facilities 
if experience demonstrates the need and funds may be available. 

Mine workers and their families are distributed through 22 states, 
in communities of many different types. Ten Area Medical Adminis- 
trative Centers were established by the Fund at selected locations to 
conduct the work throughout the soft coal mining regions. A physician 
trained and experienced in organization and administration is in charge 
of each center. Staff personnel is provided. The functions of the medi- 
cal administrative offices are: 

To arrange for a satisfactory quality of medical and hospital care 
through free choice of physician and hospital to the extent that they are 
willing and qualified to render service on mutually satisfactory terms. 

To utilize the health services of other organizations in the state and 
country to the extent that they are needed and available. 

To develop rehabilitative services for disabled miners. 

To conduct the program with a minimum of administrative detail 
and cost. 

To provide leadership that will stimulate a high quality of medical and 
hospital service, both for miners and other members of the community, 
at the most reasonable cost for which service can be obtained. 


This paper is the fifth in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual 


Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950. 
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It is the present purpose to provide hospitalization and medical care 
in the hospital to the extent required by the members, their wives and 
their dependent children under 18 years of age. 

Public health and preventive medicine measures are being encouraged 
in cooperation with existing agencies. 

The Area Medical Offices arrange with individual physicians and 
hospitals to provide services to beneficiaries of the fund on presentation 
of accepted means of identification. 

Physicians must be in good professional standing and acceptable to 
the Union members. They must indicate their willingness to render 
services in accordance with established operating procedures and at 
reasonable charge. In determining a reasonable charge they are asked 
to consider the following : 

Payment satisfactory to the physician for every member treated. 

Reasonably prompt payment. 

Paper work to be kept at irreducible minimum. 

Free enterprise and competition to be insured by the right of the 
patient to go to the physician of his choice and the right of the Fund to 
discontinue the services of physicians whose charges prove excessive. 

Liaison committees are appointed by state and regional medical 
societies to guard against excessive charges and to assist in resolving 
difficulties that may arise between the physicians and the Fund in rela- 
tion to medical matters. 

The names of physicians who indicate their desire to participate 
under these conditions are placed on local lists to inform the beneficiaries 
to whom they may apply for treatment. 

Physicians may refer cases to any other participating physicians for 
specialist services, 

When specialists are not available locally, the Area Medical Office 
may arrange for specialist services at the nearest place where they are 
available. 

Dental and optical ,services are limited for the time being to those 
for whom the physician believes they are necessary in connection with 
the treatment of their illness. 

Hospitals should agree to provide the best service which they are 
capable of rendering. When their standards are unsatisfactory, it is 
within the discretion of the Area Office to decide whether to deal with 
them on a restricted basis and make intensive efforts to bring about 
improvements as rapidly as possible to make them more nearly 
acceptable 

Drugs are limited to those prescribed for the treatment of the patient 
while in the hospital 
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Arrangements are made with State Offices of Vocational Rehabilita- 
tion to provide services for patients who can benefit by them either 
during or after their hospital treatment. 

From Jan. 1 to Sept. 17, 1949, 55,648 persons were hospitalized, 
532,695 days of hospital care were provided, and 274,882 home and 
office visits were made. Some 6,500 physicians and 600 hospitals were 
listed as participating. 

A temporary suspension of payments was authorized by the Board 
of Trustees, dating from Sept. 17, 1949. Their resolution reads, in part, 
as follows: “Suspension of payments by the Trustees is a temporary 
expedient, to continue until funds are available for the resumption of 
benefit payments, at the discretion of the Trustees.” 


The foregoing presentation outlines the principles to be followed 


when benefit payments are resumed. 


907 Fifteenth Street, N.W. 
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NEW JOINT CONTRIBUTORY GROUP INSURANCE PROGRAM 
FOR WEIRTON STEEL EMPLOYEES 


H. B. CROW 
WEIRTON, W. VA. 


oo joint contributory insurance program which gives 13,000 
employees of the Weirton Steel Company greatly increased benefits 
at lower unit cost was agreed on as the result of negotiations between 


the Weirton Independent Union, Inc., and the Weirton Steel Company. 
| 


The company will pay 60 per cent of the cost, and the individual employee 
will pay 40 per cent for all types of coverage. 


The henefits of the plan extend not only to members of the union 


but to all other employees, including members of management at the 
Weirton, W. Va., and Steubenville, Ohio, plants of the company and to 
all sales offices throughout the country. The plan provides benefits 


for all eligible employees and their dependents. 


lhe insurance agreement was accomplished through negotiations 


between the company and the union without a work stoppage of any 


kind, The employees continued to work and did not participate in the 


nationwide steel strike of October 1949. The agreement was announced 


jointly by the Weirton Steel Company, the Weirton Independent Union, 
Inc., and the Employees’ Relief and Beneficial Association of the Weirton 
Steel Company, which approved the agreement and will handle all details 
of administration of the plan 

The new insurance plan became effective Jan. 1, 1950, at which 
time it took the place of the former plan, which was inaugurated in 1926 
when the Employees’ Relief and Beneficial Association was_ first 
organized 

The new insurance program provides a “package” which includes 
life insurance, sickness and accident insurance, and hospitalization and 


surgical benefits. The surgical benefits are an entirely new feature, and 


the insurance and hospitalization benefits are substantially larger than 
under the former plan because of the company’s contribution of 60 
per cent of the cost 


From the 


Weirton Steel Company 


This paper is the sixth in a “Symposium on 


Prepayment Health Plans for 
Industrial Workers”. held at tl 


1© Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950 
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The life insurance coverage will be underwritten by a large insurance 
company, and the sickness and accident insurance and the hospitalization 
and surgical benefits will be underwritten by the Employees’ Relief 
and Beneficial Association of the Weirton Steel Company. 

The new plan will also contain a number of outstanding features 
that are not found in other plans in the steel industry. One of these is 
the provision that if an employee becomes totally disabled at any time 
prior to age 60, he will receive the full amount of his life insurance in 
monthly instalments over a period of 5 years. Another is that at retire- 
ment an employee has the option of continuing the full amount of the 
life insurance which he carried at the time of his retirement, paying for it 
at the same group rate as he was paying prior to retirement; or he may 
elect to reduce such amount to $1,250 of insurance, which will be paid 
for entirely by the company. 

The increased benefits of the new plan are illustrated in comparing 
its provisions and cost with those of the former plan. The amount and 
the cost of the life insurance and sickness and accident insurance to be 
carried by an individual employee will be in proportion to his annual 
earnings, while the amount and the cost of the hospitalization and surgi- 
cal benefits will be based on whether he is single or married, with or 
without dependent children. 


The following comparison of the new and the former plan has 
in view an employee who is married, has one or more children and 
earns an average of $300 per month. 


COMPARISON OF NEW AND FORMER PLAN 


Life insurance: under the former plan, $2,000; under the new plan, $3,500 
plus $500 funeral benefit. 

Sickness and accident benefits: under the former plan, $30 per week for 14 
weeks and $15 per week for 12 additional weeks; under the new plan, $35 per week 
for 26 weeks. 

Hospitalization: under the former plan, $5.50 per day for the 45 days plus 
$25 for incidental expenses, such as use of x-ray apparatus; under the new plan, 
$7.50 per day for 45 days plus $75 for incidental expenses 

Surgical Benefits: not included under former plan; under the new plan, 
up to a maximum of $175, according to standard scale for employee, wife and each 
child. 

Cost to the Employees: former plan, $6.15 per month; new plan, $5.40 per 
month. 


Thus, for a monthly payment that is 75 cents less than that made 
under the former plan, the employee in the example will receive $2,000 
more life insurance ; his sickness and accident benefits will be increased 
from $30 to $35 a week for a total of 26 weeks maximum; his hospitali- 


zation benefits will be increased from $5.50 per day to $7.50 per day and 
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his miscellaneous incidental expenses from $25 to $75; and, in addition, 
he will have a new coverage providing surgical benefits on a scale 
going to a maximum oi $175, which is provided for each member of his 
family (himself, his wife and each individual dependent child). 

The $5.40 per month cost shown will be the gross cost. In actual 
practice, it may be anticipated from insurance experience, the cost to ali 
employees will be reduced through dividends by at least 15 to 20 per 
cent per year. The employees will receive the benefit of these dividends 
through noncollection of their monthly insurance payments in one or 
more months of the year. 

The new plan was installed with a waiver of premiums inasmuch as 
the Weirton Steel*Company will make not only the company contribu- 
tions but in addition an amount equal to the contributions of all 
eniployees for the month of January 1950 


Under the new plan of insurance effective as of January 1 participation 


was 100 per cent among all active employees and their dependents. This 
means that 13,000 employees are covered by life insurance and sickness 
and accident benefits 


rhe total life insurance coverage is approximately 
$52,000,000 


Including employees and the members of their families, 
about 40,000 persons are covered for hospitalization and 40,000 for 
surgical benefits under the new plan. The only employees not covered 
at this time under the plan are those not actively at work, owing to 
disability, leave of absence or other accepted causes. As soon as such 
employees return to active employment, they will be covered for benefits 
under the new plan. 
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THE MEDICAL DEPARTMENT OF THE AMERICAN 
CAST IRON PIPE COMPANY 


D. O. WRIGHT, M.D. 
Director, Medical Department, American Cast Iron Pipe Company 
BIRMINGHAM, ALA. 


HE MEDICAL Department of the American Cast Iron Pipe 

Company renders complete medical, surgical and dental service 
to all employees (approximately 1,600) beginning the day of employ- 
ment. Their dependents become eligible for the same service six months 
later. The entire service is financed by the company without contri- 
bution from the employee except as stated herein. 

The physical facilities consist of a separate air-conditioned building 
containing approximately 17,500 sq. ft. (1,625 sq. M.) of floor space. 
There is an adequate number of waiting rooms, comfortably furnished 
and well decorated, giving the appearance of private offices. Each 
doctor has at least one interview room and two examination or treat- 
ment rooms, so that he does not wait for his patients to dress or undress. 
Modern diagnostic equipment is available, including x-ray, basal metab- 
olism and electrocardiographic apparatus and a complete clinical 
laboratory staffed with 2 full-time medical technicians 

Additional clinic personnel consists of a medical director, 3 full-time 
physicians, 2 full-time dentists, 7 registered nurses, 2 dental technicians, 
3 secretaries and 7 miscellaneous employees. In addition to the afore 
mentioned personnel, 14 part-time consulting specialists conduct clinics 
twice a week. The specialties covered in this manner are general 
surgery, gynecology, roentgenology, urology, dermatology, pediatrics, 
ophthalmology, otolaryngology, orthopedic surgery and _ internal 
medicine. Each of these specialists is paid a monthly retainer’s fee 
by the company. In the event hospitalization becomes necessary, the 
specialist involved sees the patient at least once a day. In this way 
all major illnesses or obscure illnesses have daily care from a specialist. 
Throughout the years it has been the policy of the company to have 
the very best trained and best known specialists in the community. 


All hospitalization is done in the general hospitals of the community 


without any special contract or arrangement. One particular hospital 


is used more than others simply for the convenience of the staff. The 


This paper is the seventh in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950 
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company pays for all hospital services. If the patient desires a private 
room, he pays the difference between the price of the room and the ward 
rate. The patient also pays for special nurses except in the event of an 
injury suffered on the job. 

We feel this system of using part-time consulting specialists and one 
of the community’s general hospitals has many advantages and has 
contributed in a large way to the success of the medical department. 
Chief among the advantages is the fact that the employee knows he is 
being taken care of as a private patient by one or more of the best 
qualified specialists in the community and there can be no stigma of 
“company hospital” or “company doctor.” 

A drug room is maintained in the medical department, where all 
common drugs are dispensed on the doctor’s orders without charge to 
the patient. Some of the more popular “fad” drugs, such as vitamins, 
are charged to the employee at a reduced price to prevent waste. 

The plan includes complete obstetric care, and all deliveries are in 
the hospital. A registered nurse is available for postnatal home visits 
or for any purpose the doctors think advisable. 

We have a well baby clinic, and the mothers are encouraged to bring 
their babies to this clinic, sick or well, at intervals as directed by the 
pediatrician, The usual immunizations are given in this clinic. 

A well equipped department is maintained for the purpose of refrac- 
tions. If glasses are prescribed, they can be purchased through the 
company with a saving to the employee. 

We have an adequately equipped physical therapy department, which 
is operated by our nurses. 

Preemployment examinations are a duty of the medical department. 
\ll applicants receive a thorough physical examination, roentgenologic 
examination of the chest, serologic tests and urinalysis. 

We have well equipped dental otfices with 2 full-time dentists, and 
2 dental assistants to care for the dental needs of the group. If dental 
appliances are needed, they are purchased through the company at a 
saving to the employee. 

Each physician is provided with a dictaphone, from which all clinical 
records are typed. This saves a considerable amount of the physician's 
time and produces valuable, legible records for medical and legal pur- 
poses. The records are so arranged that the personnel office is auto- 
matically informed as to whether or not the patient is able to continue on 
the job 

If the patient is unable to come to the medical department, one of 
our full-time practitioners will see him in the home. 

The medical department is governed by management with the advice 
of the “board of operatives” (a board of employees who are elected by 
the employees to represent them in all company affairs). A “medical 
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service committee,” composed of employees and supervisors, helps set 
the policies of the medical department and designates who is a dependent. 
The following persons are classified as dependents: wife, children, 
legally adopted children, mother or father and mother-in-law or father- 
in-law if they are permanent residents in the home of the employee and 
are totally dependent on the employee. 

In the event the employee wishes to use a physician that is not on 
the staff of the medical department he still has the benefits of the hospital 
plan but he pays the physician. 

A special loan fund is available to help the employee finance any 
expense he may incur in this program, such as that for a dental appliance, 
glasses or nurse’s fee. 

The medical service is part of a profit-sharing plan of the company 
which includes cash bonuses, pensions and group insurance. The 
management feels that this plan has increased production enough to pay 
for itself and is a benefit to the company and to the employee. Manage- 
ment feels that the employees earn these benefits by their increased 
production; therefore it is not philanthropy but good business. This 
program is not a tax on the customers because the products sell in a 
strictly competitive market. 
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ESSENTIAL PRINCIPLES OF PRIVATE INSURANCE PRE- 
PAYMENT HEALTH PLANS FOR INDUSTRIAL 
WORKERS 


EDWARD A. GREEN 
Second Vice President, John Hancock Mutual Life Insurance Company 
BOSTON 


AST SUMMER a middle-aged southerner, who was visiting a friend 
at the latter’s summer camp in New England, slipped on the wet 
camp steps one rainy night, fell and broke his leg. The nearby hospital did 
not have adequate facilities; so he was taken 22 miles (35 km.) in an 
ambulance to a large town hospital, where a specialist was called in. 
The southerner received excellent care and, for a compound fracture, 
made a relatively fast recovery. His total charge for hospital and medi- 
cal care amounted to $445. He was reimbursed for $420 of this by the 
carrier of the group insurance plan at his place of employment. It seems 
to me that this incident well illustrates such fundamental principles of 
the private insurance approach as the universal nature and broad scope 
of coverage, the flexibility of coverage, and the money indemnity type 
of coverage. 

Private insurance prepayment health plans for industrial workers gen- 
erally utilize group insurance contracts issued to an employer, an associ- 
ation of employers, a labor union or the trustees of a welfare benefit fund 
established through collective bargaining. Benefits of various types, 
such as hospital expense, surgical expense, medical expense and diag- 
nostic x-ray and laboratory examination expense insurance are pro- 
vided under these contracts for the employees or the members of the 
union or bargaining unit and, in many cases, for their wives and depen- 
dent children, 

The coverage provided by group hospital, surgical and medical 
expense insurance policies is universal in nature. It has no geographic 
limit. The illustration I used was a southerner vacationing in New 
England, but it might as well have been a buyer for a Kansas City 
department store stricken with acute appendicitis while on a business 
trip to New York. Furthermore, the insured person has complete free- 
dom of choice. He is not limited to any single hospital or doctor or 
to any group of hospitals or doctors. The insurance reimburses him for 


his paper is the eighth in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950 
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the cost of the services up to the limit of benefits provided in the insur- 
ance contract but does not interfere in any way with the doctor-patient 
relationship. 

The coverage is broad in its scope. About the only exclusions are 
occupational accidents and diseases, which are usually covered under 
workmen’s compensation insurance; thus overlapping protection is 
avoided. There are no limitations for preexisting conditions or for 
specific illnesses. The broad scope of coverage is made possible by 
avoiding individual selection adverse to the insurer through the group 
underwriting principle. To borrow a frequently used illustration of this 
principle, if one were to step outside now and hand out insurance policies 
to the first thousand people who pass the door, one would probably get 
a representative cross section of risks. On the other hand, if it were 
advertised in one of the daily papers that such policies were going to be 
handed out to the first thousand people passing the door after 9 o'clock 
tomorrow morning, there would undoubtedly be a high proportion of sub- 
standard risks in the group. The employees of an employer or a group 
of employers or the members of a union or other bargaining unit, and 
their wives and dependent children, if included, generally provide a 
good cross section and avoid individual selection. In practice it has 
been shown that it is not necessary to have 100 per cent participation of 
the group to get a reasonably average experience but that something 
over 75 per cent is adequate. 

A high degree of flexibility is available in designing an insurance 
plan for an individual group. Hospital, surgical and medical coverage 
can be combined in one integrated plan designed to give most effective 
over-all protection with uniformity of administration, which is not 
always possible under other than the private insurance approach. The 


plan can be written on a noncontributory basis, with the employer pay- 
ing the entire premium, or on a contributory basis, with the employer 
and the employee sharing jointly in the cost of the insurance. The bene- 
fit schedule can be tailored to fit the many individual situations which 
arise in the diverse economy of the nation. 


The type and the level of benefits can be geared initially to the prac- 
tices and the level of charges prevailing in the locality and to the amount 
of money available to pay for the coverage, and can be revised sub- 
sequently as conditions change. For instance, hospital expense insur- 
ance can be written with a room and board allowance as low as $4 a day 
and as high as $12 or more a day for each day of hospital con- 
finement. The allowance can be paid for a maximum period of 31 days 
or 70 days, or as long as 180 days or more, in any one disability. The 
allowance for the cost of ancillary hospital services may be 5, 10, 15, 20 or 
as high as 50 or 100 times the daily room and board rate. While the 
surgical schedule maintains a basic relationship between the maximum 
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reimbursements for different types of operations, it may be written for 
increased amounts in the large metropolitan cities, where the general 
level of surgeons’ fees is high, or for reduced amounts in areas where 
the levels of fees is lower. Maternity and obstetric benefits are optional 
in both hospital and surgical coverage. Medical expense insurance can 
be written in a variety of ways. It may provide benefits for doctors’ 
care in the hospital only or include home and office care as well. It may 
be limited to totally disabling conditions or written on a comprehensive 


basis to cover all conditions. The first two or three visits in connection 


with any one illness can be eliminated. Special benefits for diagnostic 


x-ray and laboratory expenses can be included. 

\ third basic principle of the private insurance approach to prepay- 
ment health plans is the money indemnity principle. The dollar is the 
universal unit of measure throughout the country regardless of local 
variations in practices and facilities. The insurance reimburses the 
individual for the cost of services rather than attempting to provide the 
services. The amount of the benefit is not reduced by the patient's 
choice of accommodations as to private room or ward. The insurer 


: bears the loss rather than those rendering the services if the premium 
: is inadequate. The insurance company personnel comprises persons 


trained in insurance principles, designing of sound schedules of benefits 
‘ to fit individual circumstances, risk spread, underwriting, claim adminis- 
; tration, financial management and the like. Claim administrators are 
; thoroughly trained in sympathetic treatment of insured persons and 
speedy settlement of claims. They are well versed in immediate recog- 
nition of malingering and abuse and steps to be taken to remedy the 
situation without upsetting the smooth operation of the plan. Through 
efficient utilization of specially trained personnel for the administration 
of many plans, the cost of handling is kept low. 


Since the insurance contract provides for dollar benefits and is paid 
for in dollar premiums, it is necessary that the risk be measured in dol- 
lars. For this reason maximum amounts of reimbursement are set 
forth in the individual plan for the various components of coverage. 
Thus, a plan for employees of an organization located in a metropolitan 
center might provide, say, $10 a day for room and board for 70 days 
of hospitalization, $200 for ancillary hospital charges, $300 according 
to schedule for surgical operations, and $3 for office and $4.50 for hos- 
pital or home calls of a physician up to a total of $225, making an 


aggregate maximum for all services of $1,425. The limits apply to 


any one disability and do not reduce the benefits for any subsequent 
disabilities. 

Many insurance plans are designed with benefits high enough to 
cover practically all normal costs unless luxury accommodations are 
used, Some plans have a level of benefits somewhat below the expected 
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level of charges, either because of the limited funds available to pay the 
premium or because of the desire of the purchaser to introduce an element 
of co-insurance. 

Frequently in thinking of prepayment health plans the budgetary 
principle is confused with the insurance principle. Theoretically an 
insurable hazard is one that occurs infrequently and is more or less 
catastrophic in nature. The frequency of occurrence should be subject 
to prediction within reasonable limits of error, and there should be a 
strong incentive on the part of the insured person to avoid the occur- 
rence. On the other hand, expenses which occur more or less regularly 
in small amounts are more properly the subject of budgeting than of 
insurance. The administrative cost of handling small payments at fre 
quent intervals is out of proportion to the benefits. In many insurance 
plans the first two or three calls made on a doctor in connection with an 
illness are not included in the coverage. In general, accidents and ill- 
nesses requiring hospitalization or surgical care meet the tests of an 
insurable hazard, as do doctors’ calls in all but the short illness 

The function of the employer in private insurance plans is an impor- 
tant one. It is his responsibility to purchase a plan of benefits which 
will satisfactorily serve the needs of his employees and with which he 


and his organization can live. He usually designs the plan in conjune- 


tion with his employees and with the help of trained advisers provided 
by the insurer. In most cases he either pays the entire cost of the plan 
or shares it with his employees as a valuable part of the promotion of 
good employer-employee relationships. His personnel records and 
practices provide an effective tool in the administration of the plan which 
can be used for the purpose with little additional work. Usually the 
health coverages are combined with other employer-sponsored insur- 
ance, such as life insurance, weekly indemnity accident and sickness 
insurance, and accidental death and dismemberment insurance, into a 
complete employee-benefit program 

The insurance company’s approach to health plans is essentially a 
private enterprise approach. While it spreads the risk through the 
insurance principle as between relatively homogeneous groups, it does 
recognize that there must be an over-all relationship between benefits 
and premiums and that the cost will be more for an inherently sub- 
standard group than for an inherently superstandard group. This dif- 
fers from the philosophy of the tax or socialistic approach in which 
benefits are related to needs, and costs to ability to pay. If the latter 
approach were used under voluntary highly competitive conditions, the 
solvency of the carrier could be jeopardized. There would tend to be an 
influx of substandard risks seeking a bargain, while better grade risks 
were turning elsewhere. The relationship between premiums and bene- 
fits lends stability to the plan and avoids the vicious spiral of taxes and 
benefits in an attempt to keep up with each other. 
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Developments and improvements are constantly being made in health 
insurance. For instance, in order to meet a natural desire on the part 
of a covered person that the dollar values of his coverage will be enough 
to meet his bills, the level of benefits is frequently set approximately 
equivalent to the usual charges in the locality. However, in some states 
the medical societies have gone farther by developing doctor-sponsored 
plans under which participating doctors agree to accept, in full pay- 
ment for surgical treatment, the amount shown in a predetermined 
schedule of benefits for those whose income is under a prescribed level. 
Insurance carriers have cooperated by offering surgical coverage for 
the prescribed schedule even though it differs from their standard 
schedule, and making intensive sales campaigns to secure widespread 
distribution of such coverage. I believe that such plans are highly 
desirable and should be extended. In those instances in which the 
income level prescribed in the plan has been so low that relatively few 
people have enjoyed the benefit of the full payment provision, enrollment 
has been low because of lack of general interest on the part of employees 
and employers. If such a plan is to work successfully, it should pre- 
sumably have income limits which would make the full payment pro- 
vision applicable to a large majority of the residents of the state. 

Another recent development has simplified the financial arrange- 
ments of the covered person at the time of hospitalization. In the past 
it has been the practice for the financial transactions between the patient 
and the hospital to be entirely independent of any insurance coverage, 
and the patient has been subsequently reimbursed. In a number of 
localities hospital identification procedures have been set up through the 
cooperation of local hospital councils, making it possible for the hospital 
to accept an assignment of benefits under the insurance policy when the 
patient enters the hospital, in lieu of an advance deposit, and thereafter 
bill the patient only for the balance, if any, in excess of the insurance 
benefits. The procedures seem to be working well in the localities 
where they have been established, and they are expanding rapidly in 
number. 

Health insurance is relatively new in this country. The first gen- 
erally offered group hospital expense insurance coverage was developed 
not much over fifteen years ago, and both surgical expense and medical 
expense insurance have been developed since. The growth of insurance 
in force in this period has been phenomenal. The insurance companies 
fully realize that the job is by no means complete and, together with the 
other organizations in the health insurance field, are constantly striving to 
improve their coverages as they gain experience, so that the needs of the 
people for insurance against the costs of hospital and medical care may 
be met by voluntary methods. 


200 Berkeley Street. 
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THE PRIVATE INSURANCE COMPANY VIEWPOINT RE ESSEN- 
TIAL PRINCIPLES OF CURRENT MEDICAL CARE 
PLANS FOR INDUSTRIAL WORKERS 


EMERSON L. MITCHELL 
Group Department, Provident Life and Accident Insurance Company 
CHATTANOOGA, TENN. 


BEGIN with, I should like to say that I have not been able 

to think or talk about the private insurance company’s view of the 
essential principles of current medical care plans for industrial workers 
from a strictly “private insurance company viewpoint.” It seems to me 
that all of us—physicians, hospital trustees, labor, industrial manage- 
ment, Blue Cross, Blue Shield and the private insurance companies— 
want the same thing: a plan that will provide proper medical care at a 
cost every income earner can pay, a fair plan and a plan that will, by 


its very success, defeat the arguments of those who sponsor government- 


controlled medicine. 


In my opinion, no medical care plan can fully succeed until it wins 
the whole-hearted support of (1) the members of the medical profession, 
the trustees and managers of hospitals, (2) the entire insurance industry, 
not just a few companies, and (3) the general public. Therefore, the 
biggest problem is that of securing the complete cooperation of the 
members of the medical profession and the private insurance companies 
to the end that the two groups will produce medical care plans capable 


of winning widespread acceptance from both industrial workers and 


industrial management. To do that, such plans must provide complete 


protection for workers in the low and medium income brackets (at least 
70 per cent of the people) and a substantial measure of protection for 
those in the higher income bracket. 


Another important aspect of the whole problem is: No one plan 


can be devised that will best fit every set of circumstances. Since con- 


ditions do vary from one community to another, no plan should attempt 
to cover an area greater than a state, and in some instances smaller 
geographic units might be more practical. It would be of great assistance 
if the American Medical Association could assist in establishing a unit 
differential between surgical procedures. 


Then, if a state or a local 


This paper is the ninth in a “Symposium on Prepayment Health Plans for 
Industrial Workers” held at the Tenth Annual Congress on Industrial Health, 
sponsored by the American Medical Association, New York, Feb. 20, 1950. 
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medical association accepted the unit basis, it would be a fairly simple 
matter to determine specific indemnities to be provided under a plan of 
surgical insurance designed to serve a definite geographic area. If the 
unit basis so developed by the American Medical Association is fair, 
the state and local medical association should have no difficulty in 
winning the support of the majority of the physicians in the area. With- 
out their support in the form of an agreement to accept the schedule of 
fees as payment in full for approximately 70 per cent of the population 
in the state, the plan will not be accepted by the public and will most 
certainly fail to stem the tide of social medicine 


While the plan is being designed, the medical profession and the 
private insurance industry must cooperate to devise a workable plan. 
They must develop the plan, introduce it to the public and maintain it 
for a considerable period of time without important change in order to 
gain public confidence. Any major change in a_ surgical schedule 
immediately affects the premium rate, and any major change in the rate 
structure quickly shakes public confidence in the plan. 

The income brackets to receive full service will, of course, vary from 
one state to another and can best be determined by committees composed 
of physicians, insurance men and other laymen qualified to represent all 
segments of the general public. Good publicity—and a lot of it 
mean everything to the success of the plan. 


can 


To be completely successful the plan must be written in forms avail- 
able to individuals and to groups too small to qualify for true group 
insurance. The medical profession should take the lead in determining 
the schedule of surgical fees and accept full responsibility for securing 
the cooperation of the physicians in the state. The insurance industry 
will be glad to accept full responsibility for designing the various insur- 
ance plans, and for the sale and administration to be used in providing 
the protection. 

Experience has taught the insurance industry that practical forms 
of medical care insurance must meet the following tests: 

(a) The contingency insured against should be clearly defined. 

(bh) The occurrence of the event should, to the maximum extent 
possible, be beyond the control of the insured. 

(c) The amount involved should be such that the loss cannot be 
met from current earnings, so that there is a real economic need 
for prepaying the cost. 

(id) The contingency insured against should be one that occurs 
relatively infrequently from the standpoint of the person insured, 


so that the cost can be distributed over a large group. 


F 

3 

3 

3 

i 
t= 
Pe 


MITCHELL—INSURANCE VIEWPOINT OF MEDICAL CARE 277 


(e) The cost of administration should be small in proportion to the 
benefits paid. 


(f) The premium must be low so that the insurance can be readily 
sold in large volumes. 


If the plan meets these tests and has been designed to provide full 
protection for at least 70 per cent of the state’s population, the insurance 
industry should not experience too much difficulty in selling and 
installing group insurance programs. We all know that group programs 
designed for firms employing 25 or more workers will reach the greatest 
number of people in the shortest possible time, and there is not too much 
time! And by requiring 75 per cent of a group to be covered it is possible 
to keep the premium low enough so that every worker can afford the 
insurance. The economies possible as a result of mass selling and 
administration make it possible to return a large portion of the premium 
in the form of benefits to the insured. 


Many insurance companies are revamping their marketing methods 
so that they can properly cover not only the concentrated industrial areas 
but also the less densely populated areas, where distribution and adminis- 
tration costs are, of course, higher. The lack of hospitals and doctors 
in some areas also contributes to distribution problems. Where medical 
care is not readily available, medical insurance is not readily salable. 
Such problems can be solved through the cooperation of all concerned ; 
and if we do not solve them, others will attempt to do so through com- 
pulsory legislation, 

Since only the relatively well-to-do families can conveniently pay the 
high costs of hospitalization and surgery, every family should include 
in its budget a reasonable amount for the frequent sickness and accidents 
which are expensive and unpredictable. We cannot prevent their 
occurrence, but we can devise plans that will guarantee the best of 
medical care when it is needed most for every income earner and his 
family. Private insurance companies have sold hospital insurance for 


many years, and the plans available today are varied and comprehensive. 


Since these plans are available to individuals, to family groups, small 


groups of employed persons and on a group insurance basis for firms 
employing more than 25 workers, the problem has been solved for every 


income earner who is willing to include the necessary premium in his 
or her budget. 


Industrial management has long since proved it is aware of the 


need for such plans. The volume of group insurance in force today 


provides ample proof that most managements are willing to share in the 
cost, administration and over-all aspects of any practical medical care 
program. 
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Private insurance companies should not attempt to prescribe and 
regulate the relationship between management and employees insured 
under such plans. Patterns have already been established and every 
industry and every industrial organization will have to weigh and solve 
each its own problems. However, both management and employees are 
approaching this problem with open minds and with a common desire 
to arrive at a conclusion which both can maintain permanently. 

The insurance industry's medical care programs for purely medical 
services are not as comprehensive as they should be. More experience 
in special fields such as anesthesiology, diagnostic roentgenology, etc., 
must be gained before the total obligation to the public is fulfilled. How- 
ever, the catastrophic losses must be relieved first, and then practical 
economical plans to provide special services must be developed. Care 
must be taken so that the abuse of such plans will not cause claims to rise 
so rapidly that costs will quickly be out of line in relation to the pre- 
miums. If such a situation should develop, hospitals would be filled to 
capacity and the doctors’ time wasted so that it would be impossible to 
provide proper medical care for those who would really need it. The 
situation in England shows this to be true. With the continued coop- 
eration of the medical profession and the insurance industry, medical 
care plans will be improved, and the insurance industry will concentrate 
on the problem of producing a most aggressive sales and service effort. 

The Tennessee Plan, designed by the Tennessee State Medical Asso- 
ciation, is one of the more recent developments in the surgical insurance 
field. The state medical association agreed on a schedule of surgical 
fees ranging from $3 to a maximum of $175, which was determined by 
a number of subcommittees representing every specialized field of sur- 
gery. All insurance companies and service associations licensed in the 
state have been invited to design policies providing those benefits. 
Eighteen companies and associations are now participating in the sale 
of the coverage, and six additional ones have submitted their policies for 
the approval of the state medical association and the state insurance 
department. 

The Tennessee State Medical Association has been successful in 
enlisting more than 1,606 Tennessee physicians—a great majority of the 
practicing physicians of the state—as participating physicians. These 
physicians have agreed to accept the surgical fees provided by the sched- 
ule as payment in full for services rendered to (a) persons without 
dependents whose incomes do not exceed $2,400 per year, and (b) per- 
sons with dependents whose aggregate family incomes do not exceed 
$3,600 per year. These income limits were set up by the state medical 
association in order to provide full protection for approximately 70 per 
cent of the state’s population. However, surgeons are not required to 
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accept the fees provided in the schedule as payment in full for services 
rendered to such persons or members of their families whose incomes 
exceed these limits. 


According to the latest report from the state medical association, 
more than 100,000‘ policyholders and dependents have been insured 
uzder the Tennessee Plan since July 1, 1949, even though most com- 
panies did not enter the field until much later. The success achieved to 
date is proof that with the full cooperation of all concerned a voluntary 
plan will worl: and work well. 

An editorial on the Tennessee Plan which appeared in the Nashville 
Banner in July 1949 should be of interest to all concerned: 


. The Tennessee Plan, as the Association has named it, is eloquent tes- 
timony to the well-established fact that there is no place for Government-controlled 
medicine in free America. The needs of the public can be met in American ways, 
and the Tennessee Plan is an example. Socialized medicine would cest far more, 
and its benefits would be vastly fewer. 


1. At the time of printing the number is over 200,000. 
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REQUISITES TO MAKING LD.,’S FROM DIFFERENT 
LABORATORIES COMPARABLE 


B. N. CRAVER, M.D. 


W. E. BARRETT, B.A. 

AND 

A. E. EARL, D.V.M. 
SUMMIT, N. J. 


ANY FACTORS can influence the LD,,’s obtained for a given 
drug after it has been administered intravenously to the two 
commonest species employed for this purpose: mice and rats. Cer- 
tainly, individually they have long been recognized, and no claim of 
originality is intended for any one mentioned in this communication. 
Unfortunately, it would be a prohibitive task to trace each historically 


to the first worker that emphasized it. They are presented here tm toto, 


if one may ignore the more subtle factors inadvertently omitted through 
ignorance, in the hope that in time a general pattern of conditions 
may achieve wide acceptance. This would make it possible to compare 
figures from different laboratories, a comparison which at present can- 


not be made validly. Indeed, even within the same laboratory such 


comparisons may be risky, as the accompanying table emphasizes. It 
summarizes the LD,,’s obtained for the same cardiotonic amidine, 
metatolyloxyacetamidine hydrochloride, which we sought to compare 
as accurately as possible with related derivatives from the standpoint 
of toxicity 


It may be observed that with other conditions kept constant the 


toxicity of this compound was little, if at all, altered by injecting the 
material in higher concentrations. Its toxicity was increased by pro- 
longing the interval during which a dose was injected. 


This has 
previously been shown for cardiac glycosides ' 


and mercurial diuretics,’ 
among others, and is not infrequently encountered with drugs whose 
toxic action is primarily cardiac. Presumably the slower injection allows 


From the Research Department, Division of Macrobiology, Ciba Pharmaceutical 
Products, Inc 

1. Farah, A., and Maresh, G The Influence of Rate 
the Lethal Dose of Cardiac Glycosides, J. Pharmacol 
1947: Determination of the Therapeutic 


of Administration upon 
& Exper. Therap. 90:304, 
. Irregularity, and Lethal Doses of Cardiac 
Glvycosides in the Heart-Lung Preparation of the Dog, ibid. 92:32, 1948. 

2. DeGraff, A. C., and Lehman, R. A.: 


The Acute Toxicity of Mercurial 
Diuretics, |. A. M. A. 119:998 (July 25) 1942 
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more of the compound to be fixed by the myocardium during the drug’s 
first trip through the vascular system. With a faster injection more of 
the compound gets past the heart to be kept in other organs during that 
first circuit. The net result is that the heart is protected from the effects 
of some of the dose. In our experiments no significant sex ditferences 
were encountered. The results with immature animals were somewhat 
erratic, a not surprising result in view of their more labile metabolism. 

At least three laboratories have recognized the problem herein con- 
sidered, for reports therefrom have specified certain of the conditions 
under which the LD.,’s were obtained.* The following variables would 
appear significant: 

1. The concentration of the drug used for injection: With an 
occasional drug the LD,, can, other conditions being constant, reveal 
marked variations depending on the concentration of the solution.‘ 


Intravenous LDw's (Mg./Kg.) for White Rats Under Varying Conditions 
(Method of Behrens) 10 Rats per Dose 


Coneen Cal 
Group Rate of tration, Wt. Range, Total No. Range of Observed culated 
No Injection % Gm of Rats Doses LDse LDso 


1 186-382 70 45-06, 72 
136-230 
170-300 7 wus 
200-395 
200-290 
62-135 
20) 376 
165-248 
14-210 
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With mice and rats the total fluid volume injected must be kept suf- 
ficiently low that sudden hydremia is not a factor in causing death. 


With materials of low toxicity the hydrogen ion concentration may be 


3. Hoppe, J. O.; Seppelin, D. K., and Lands, A. M An Investigation of the 
Acute Toxicity of the Optical Isomers of Arterenol and Epinephrine, ]. Pharmacol 
& Exper. Therap. 95:502, 1949. Lands, A. M.; Hoppe, J. O.; Siegmund, O. H., 
and Luduena, F. P.: The Pharmacological Properties of 3 New Antihistaminic 
Drugs, ibid. 98:45, 1949. Kimura, K. K.; Unna, K., and Pfeiffer, C. ¢ Diatropine 
Derivatives as Proof that d-Tubocurarine is a Blocking Moiety Containing Twin 
Atropine-Acetylcholine Prosthetic Groups, ibid. 95:149, 1949. Kraatz, C. P.; 
Gruber, C. M., Jr.; Shields, H. L., and Gruber, C. M.: Pharmacologic and Toxico- 
logic Studies on Diethylaminoethyl Ester of 1-Phenyl-Cyclopentane-1-Carboxylic 
Acid Hydrochloride “Parpanit,” ibid. 96:42, 1949. Gruber, C. M., Jr.; de Berar- 
dinis, C., and Erf, L. A.: A Toxicological Study of Sodium Malonate, Arch. 
internat. de pharmacodyn. et de thérap. 79:461, 1949 

4. Craver, B. N: 2( Naphthyl-(1')-Methy!)-Imidazoline Hydrochloride (Pri- 
vine): I. Potency in Modifying Cocaine Hydrochloride-Induced Convulsions, Proc. 
Soc. Exper. Biol. & Med. 58:128, 1945. 
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death from disturbance of the acid-base balance. Hence the concentra- 
tion to be used will vary inversely with the toxicity. 


seconds is rather impractical if the injection is to be done manually. 


3. The vein of administration: In respect to the species cited, this 
is probably irrelevant, but it can be extremely significant in respect to 
other species. The lethal dose for dogs of a mercurial recently studied 
in our laboratories was found to vary more than 100 per cent, depending 


on whether the drug was injected by way of the jugular vein or by way 
of the femoral vein.* 


4. The species, the strain and the diet of the animals employed: 
Dieke and Richter * reported that these variations in respect to alpha 
naphthylthiourea in rats could lead to differences of more than 1,000 
per cent in the LD,,’s obtained. 


5. The age (or weight range) and the sex of the animals: The 
influence of sex has been recently emphasized by Holck* in respect to 


picrotoxin. 
i 6. The temperature at which the animals have been kept * just prior 
j : to the test. 
: ; 7. The season of the year (probably of significance chiefly with hiber- 
nating species). 


8. The number of animals used at each stated dose level, or at least 
the range of doses if they were equally spaced, and the method of 


calculation. The inclusion of these factors will permit an appraisal of the 
results. 


More and more LD,,’s determined in mice or white rats after intra- 
venous administration are becoming available in the literature. Their 
present limited value would be much enhanced if they were qualified 
by some such series of comments as the following: “2 per cent— 
30 seconds—tail vein of 250—=+ 50 Gm.—male Wistar rats—fed Allied 
Mills Fox Blox and kept at 37°C. for 30 minutes before use. The 
method of Behrens was employed for calculation, using 60 rats at 6 
equispaced doses between x and y mg./Kg.” 


5. Unpublished data. 

6. Dieke, S. H., and Richter, C. P.: Age and Species Variation in the Acute 
Toxicity of Alpha-Naphthyl Thiourea, Proc. Soc. Exper. Biol. & Med. 62:22, 1946. 

7. Holck, H. G. O.: Studies on Sex Variation to Picrotoxin in the Albino 
Rat, J. Am. Pharm. A. 38:604, 1949. 

8 Chen, K. K.; Anderson, R. C.; Steldt, F. A., and Mills, C. A.: Environ- 


mental Temperature and Drug Action in Mice, J. Pharmacol. & Exper. Therap. 
79:127, 1943. 


important, since large doses of highly acidic or basic drugs can cause 


2. The rate of injection: Injections made as rapidly as possible are 
undesirable, but, on the other hand, prolonging the injection beyond 30 
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Much could be said for a greater use of LD,,’s obtained after intra- 
peritoneal administration of a drug, since the intraperitoneal route 
automatically compensates in part for the concentration of the drug 
employed and the time taken for the injection. If we are to continue 
to publish intravenous LD,,’s, however, they could profitably be given 
more significance than they now possess. 


SUMMARY 


The more important variables affecting the intravenous LD,, of a 
new drug as determined in mice and rats have been discussed. It has 
been suggested that such toxicologic data will be more meaningful and 
more readily duplicable if the conditions under which they are secured 
are specified as essential qualifications of the final dose in milligrams 
per kilogram. 
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ANTHRACOSILICOSIS IN BITUMINOUS COAL MINERS 


Clinical and Pathological Manifestations 


H. A. SLESINGER, M.D. 
WINDBER, PA 


K' +k A long time it has been known that silicotic changes were apt 
to develop in the lungs of workers in anthracite coal mines. How- 
ever, it has only been in recent years that such lesions have been 
recognized as an occupational disease among soft coal miners, and 
anthracosilicosis is now considered to be a hazard of the soft coal 
industry. It is the purpose of this paper to present the clinical and 
pathologic abnormalities observed in this condition. 

The prevailing opinion has been that inhalation of coal or carbon 
dust does not result in fibrosis. How is it, then, that one finds a large 
number of patients with real silicosis among soft coal miners? First 
in this group are those men who “work on the motor.” It was always 


a well known fact among miners that being a motorman was a 
hazardous occupation. These men operate the cars that haul the coal 
from the pits to the surface. The grade being steep, sand is sprinkled 
on the wheels to increase traction, and that is ground into a heavy 
cloud of dust of sufficiently small particles to cause silicosis. One finds 
that this condition has been pretty well eliminated in recent years in 
this particular group of workers by the use of masks. In these motor- 
men the incidence of tuberculosis was higher than in the ordinary group 
of anthracosilicotic patients. A possible explanation is that the silica 
particles were introduced under a certain amount of pressure and 
that, added to the usual factors of silicious material predisposing to 
tuberculosis, was the mechanical action of the dust particles. A second 
group in which silicotic changes are quite high are the men who work 
in the mine headings. They are exposed to rock dust from rock drilling. 
Then, again, one finds silicosis, to a lesser degree, in other soft coal 
miners who may be exposed to a smaller amount of silica dust than 
the motormen or the heading workers. It is, however, the two groups 
just mentioned that show the most extensive involvement. 


From the Department of Medicine, Windber Hospital 
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METHODS OF EXAMINATION 

Since silicosis is recognized as one of the compensable diseases, 
it has become essential to develop certain standards by which a diagnosis 
can be established from a medicolegal standpoint. In order to do this, 
it is necessary to set up a definite routine for the medical examinations 
of these patients which can be conducted in the average general hospital. 
The routine procedure is as follows: 

1. A thorough history must be obtained. This includes a detailed work history 
with particular reference to the type of work, the silica content of the dust in the 
mine and the length of exposure. Inquiry is made as to the presence of previous 
pulmonary or cardiac disease. 

2. A complete physical examination ‘ 


3. Roentgenograms of the chest, including anteroposterior, lateral and oblique 


The erythrocyte sedimentation rate 
. Vital capacity. 
Maximal breathing capacity. 
Pulmonary circulation time 
. Venous pressure. This is not determined in all cases 
. Electrocardiograms. 
Sputum is examined for tubercle bacilli and fungi. 
Skin tests, such as tuberculin tests, tests for histoplasmosis, etc., are done 
when indicated. 


SYMPTOMS 


1. Dyspnea. The most outstanding symptom of which these patients 
complain is dyspnea. It is first noticed after exertion. The shortness 
of breath may simulate that seen in cases of cardiac disease. However, 
it is not usually quite as severe as that with cardiac disease and does 
not ordinarily subside after rest. Orthopnea is not present. 

2. Cough. The patient may have no cough whatsoever or may have 
varying degrees of cough. In some instances it is nonproductive; in 
others, especially if the condition is advanced, the cough is associated 
with expectoration of thick black mucus. 


3. Cyanosis. This is a common symptom of moderately advanced 


or advanced disease. 

4. Chest pain. Various types of chest pain may occur. It often 
simulates that of coronary artery disease. The pain is generally due 
to thick pleural adhesions which occur along the chest wall and the 
diaphragm. 


5. Asthenia. 
6. Loss of weight. 
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7. Gastric symptoms. Indigestion, epigastric pain and anorexia 
are common symptoms, 

8. Edema. As the condition progresses, chronic dilatation of the 
heart due to the pulmonary conditions (cor pulmonale) develops, 
congestive heart failure occurs, and there is resulting edema of the legs. 


Edema is not usually present in pneumonoconiosis until there is 
secondary cardiac involvement. 


PHYSICAL FINDINGS 
Physical findings can be discussed briefly. They are frequently 
disappointing and of not much help in differential diagnosis. The 
chest may be barrel type; the respiratory excursion is generally 
diminished ; the percussion note and the breath sounds may be normal 
even in advanced silicosis. Certainly during the stages of reticulation 
and nodulation, physical manifestations are frequently absent. During 
the advanced stages, with large coalescent areas of fibrosis present, 
associated with emphysema, one may be able to find alternate areas 
of dulness and hyperresonance. Rales of various types may or may not 
be present; signs of associated bronchitis may be elicited. Physical 
signs of emphysema are commonly found, as emphysema is one of the 
outstanding features of this condition during its advanced stages. 


ROENTGENOLOGIC FINDINGS ! 

For purposes of description, roentgenologic appearances of silicosis 
have been variously classified by different groups. The accepted 
classification divides it into three stages as follows: 

First stage. The roentgenographic appearance is that of an increase 
of hilar shadows, linear shadows and linear reticulum. Small nodular 
shadows may be present. 


Second stage. The area of nodular shadows and the tendency to 
confluence of individual nodules are increased. 


Third stage. Consolidation is present. 

There is considerable variation as regards both the individual 
patient and the occupation in the development of gross linear changes. 
The first change that one finds in anthracosilicosis consists of increased 
linear markings. Reticular changes represent the next stage, which is 
then followed by diffuse nodular formation. The nodules subsequently 
become coalescent, and the intervening portion of the lung tissue becomes 
frankly emphysematous. Pleural adhesions are demonstrable in most 


1. Amor, A. J] 


An X-Ray Atlas of Silicosis, Baltimore, Williams & Wilkins 
Company, 1941. 
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cases. Spontaneous pneumothorax may occur. Sokoloff and Farrell * 
reported 22 cases among 517 anthracosilicotic patients. It must be 
emphasized that although all these changes are associated with anthra- 
cosilicosis, none are specific signs of silicosis, and all of them can be 
simulated by other lung diseases. 


LABORATORY FINDINGS 


In the uncomplicated case of anthracosilicosis, the erythrocyte 
sedimentation rate is usually normal. An increased rate should lead 
one to suspect the presence of infection, either tuberculous or non- 
tuberculous, 

Sputum must be examined repeatedly, and it is sometimes helpful 
to culture sputum for tubercle bacilli. 

Studies of circulation time are made. In the uncomplicated case 
of pulmonary fibrosis, there may be no increase in the circulation time. 

Venous pressure will be increased in cases in which secondary 
cardiac involvement occurs. Sometimes such tests as skin tests for 
histoplasmosis, etc., are helpful. 

Studies of vital capacity show a sharp decrease of vital capacity. 

The maximal breathing capacity is a measure of the maximal 
amount of air which can be moved in and out of the lungs in a given 


unit of time. Normally it is 100 to 150 L. per minute. It is considerably 
reduced in the disabled anthracosilicotic patient.* 


DIFFERENTIAL DIAGNOSIS 

Anthracosilicosis must be differentiated from the following : 

1, Other forms of pneumonoconiosis. The occupational history of course is 
helpful in making this differentiation 

2. Pulmonary tuberculosis. 

. Carcinoma of the lung 

. Bronchial asthma. 

. Histoplasmosis. 

. Sarcoidosis 


7. Chronic passive congestion of the lungs due to heart failure. 


The differential diagnosis regarding pulmonary and cardiac insuffi- 
ciency is important. It becomes a matter of extreme difficulty to 


2. Sokoloff, M. J., and Farrell, J. T., Jr Spontaneous Pneumothorax in 
Anthracosilicosis, J. A. M. A. 112:1564 (April 22) 1939. 

3. Motley, H. L.; Gordon, B.; Lang, L. P., and Theodos, P. A.: Impairment 
of Pulmonary Function in Anthracosilicosis, Arch. Indust. Hyg. & Occup. Med. 
1:133 (Feb.) 1950. 

4. Rubin, E. H., and Rubin, M.: Diseases of the Chest, W. B. Saunders 
Company, 1947. 
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determine whether one is dealing with primary cardiac insufficiency 


or pulmonary insufficiency due to emphysema and fibrosis. The 


symptoms simulate each other. This differential diagnosis is important 


for two reasons: First, it may be of value in determining whether 


one is dealing with industrial disease or with primary heart disease, 
and second, treatment can be instituted more appropriately if one knows 
which of the systems is primarily at fault. The following points are 
helpful in such a differential diagnosis: 

1. Type of dyspnea. The dyspnea of pulmonary fibrosis is usually not quite as 
severe as that of cardiac disease, which will frequently subside after rest. The 
dyspnea of anthracosilicotic emphysema is not accentuated when the patient lies 


down flat in bed, whereas cardiac dyspnea becomes worse in the recumbent position 
2. Associated edema is usually not present in pneumonoconiosis unless there is 
secondary chronic cor pulmonale 
3. Venous pressure. Venous pressure is not as high in uncomplicated pulmonary 
disease as it is in cardiac disease 
4. Circulation time. The circulation time is generally not prolonged in uncom 
plicated pneumonoconiosis 


In many of these cases, of course, cardiac failure becomes a 
complicating factor, and one then finds the picture of right heart failure 
superimposed on pulmonary insufficiency. This is manifested by notable 
orthopnea, edema, enlargement of the liver, roentgen evidence of cardiac 
hypertrophy and electrocardiographic findings. 

It is also important to differentiate the dyspnea seen in anthra- 


cosilicosis from ordinary bronchial asthma. One must remember that 


coal miners or other persons exposed to the industrial hazards will 
have the same incidence of bronchial asthma as the general run of the 
population. Thus, one expects to find a certain number of these workers 
affected with atopic or infectious bronchial asthma. Here again it 
becomes an important problem to differentiate bronchial asthma from 
anthracosilicosis. In the true asthmatic patient one is apt to find more 
physical findings in the chest, especially during acute attacks. The 
patient with bronchial asthma will in many instances have dyspnea only 
during paroxysms. Administration of epinephrine is frequently helpful 
in order to determine whether symptomatic relief will occur. Routine 
allergic surveys such as skin sensitization tests, a thorough search for 
bacterial infection such as sinusitis or dental infection, must frequently 
be carried out. It appears that anthracosilicotic pulmonary involvement 


may be a cause of bronchial asthma. My associates and I performed 


an autopsy on a patient who died in status asthmaticus and in whom 
several large silicotic areas were found. In this case we were unable 
to account for the asthma in any other way. The patient did not die 


of silicosis but died of bronchial asthma. 
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THE HEART IN PNEUMONOCONIOSIS 
We have been particularly interested in the cardiac findings in 
these cases. Chronic cor pulmonale is a common cause of disability 
in anthracosilicotic patients, although such patients can have a consider- 
able degree of disability from pulmonary insufficiency alone without 
actual cardiac disease. We find that pulmonary fibrosis will eventually 
cause cardiac hypertrophy with consequent characteristic changes. 
Perhaps the most characteristic cardiac findings in our cases were 
as follows: 
1. Distant heart sounds at the apex 
Accentuation of second sound at the pulmonic area 
Evidence of right heart hypertrophy 
Electrocardiographic changes as follows 
(a) Normal. 
(b) Right axis deviation. 
(c) Exaggerated Ps and P 
(d) Ry low voltage. 
(e) R, low voltage. 
({) Notching of QRS, and QRS, 
Low Ti. 
(h) Exaggerated S: and Sy. 
Depressed ST: and ST). 
Inverted T; and T,, either one or both low to absent 
Paroxysmal tachycardia 
(1) Auricular flutter. 
(m) Premature beats 


(mn) Auricular fibrillation 


Lang’ reviewed the electrocardiographic findings in a group of 
148 coal miners. His patients ranged in age from 29 to 72 years, 
and the periods of exposure varied from 3% to 44 years, with an 
average of 28.6 years. He found electrocardiographic evidence of right 
heart strain in 24 per cent of these patients, and could not demonstrate 
any apparent relationship between pulmonary fibrosis as judged by 
the roentgenogram and the electrocardiographic findings. 


PATHOLOGIC CHANGES 


The characteristic lesion is that of pulmonary fibrosis. In the 
anthracosilicotic lung there is essentially a mixed type of pneumonoconi- 


osis, due partly to silica, partly to coal dust and, in many instances, 


5. Lang, L. P.: Electrocardiographic Studies in Anthracosilicosis, West Vir- 
ginia M. J. 45:303 (Nov.) 1949. 
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partly to infectious processes. At autopsy the gross findings are as 
follows: The lobes of the lungs are adherent to each other, and the 
lungs have a bluish black appearance. The weight of the lung is increased, 
each lung sometimes weighing as much as 1,000 Gm. In the nodular 
stage one finds diffuse millet-seed-sized nodules scattered throughout 
both lungs. During the confluent stages, large conglomerate, extremely 
hard areas are present. The centers of these conglomerate lesions often 
show liquefaction necrosis. The remainder of the lung is generally 
plainly emphysematous, and there may be large blebs, sometimes giving 
the appearance of cystic disease of the lung. 

Lymph nodes of distant parts of the body, such as the mesenteric 
nodes, will frequently be enlarged and show the presence of anthracotic 
pigment. 

Microscopically, the characteristic lesion is the extensive pulmonary 
fibrosis. Laminated layers of dense fibrous tissue, in which anthracotic 
pigment is present, form the anthracosilicotic nodules (fig. 1). There 
is associated emphysema in other portions of the lung. Coagulation 
necrosis may be present, simulating caseation necrosis of tuberculosis. 
Where the lesion is associated with tuberculosis, there are usually other 
evidences of the tuberculous process, such as giant cells, typical caseation 
reactions and tubercle bacilli (fig. 2). 


REPORT CASES 


OF 


W. P., aged 57, complained of severe dyspnea 
from 1901 until 1947. He was first examined on 
gram showed extensive diffuse nodulation 
in the coal mines 


He had worked in coal mines 
Aug. 8, 1938. The roentgeno- 
The patient was advised to stop working 
However, he had very few subjective symptoms at that time 
and refused to stop working. He continued to work in the 
when his response to effort became so diminished that he retired. 
taken on Sept. 4, 1942 showed coalescent nodulation 


mines until 1947 
A roentgenogram 
A roentgenogram taken on 
July 10, 1947 showed a large conglomerate shadow with pulmonary emphysema 
(fig. 3) 


L. R. ¢ 


, aged 55, complained chiefly of severe dyspnea. He had worked in the 
coal mines for 28 years; he had spent 10 years working in the rock headings. 
On Aug. 7, 1936 a roentgenogram of his chest showed reticulation and nodulation 
of the lungs (fig. 44): on March 20, 1936 the nodulation was more advanced, 
with beginning coalescence; in June 1938 there was extensive nodulation (fig. 4 B) ; 
on March 1, 1940 spontaneous pneumothorax was present on the right side (fig. 4 C) 
on April 12, 1948 there were large massive shadows in the left upper part of the 
chest and extensive bilateral emphysema, giving the lung a cystic appearance 
(fig. 4D). 

F. L., aged 54, had as chief complaints distressing dyspnea, cough and rapid 
heart beat. This patient began to work in the coal mines at the age of 22. He 


started having dyspnea at about the age of 48. The dyspnea became progressively 
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Fig. 1.—Microscopic section from typical anthracosilicotic nodule showing 
extensive fibrosis and infiltrated with anthracotic pigment. 
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292 
Fig. 2.—Section from a lung showing anthracosilicotuberculosis. ‘ 
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worse, and eventually heart failure developed An electrocardiogram showed 
typical changes of chronic cor pulmonale together with premature auricular beats 
(fig. 5). On Dec. 9, 1946 a roentgenogram showed massive pulmonary shadows in 
both sides of the lung, much pulmonary edema and definite cardiac hypertrophy 
(fig. 6.4). The patient died on Feb. 5, 1947. Autopsy showed extensive areas of 


anthracosilicosis, impressive cardiac hypertrophy involving particularly the right 


Fig. 3.—Roentgenogram of the chest of W. P., illustrating anthracosilicosis: 
It shows the typical massive conglomerate shadows with alternate 
emphysema 


areas of 
side, and chronic passive congestion of lungs, liver, spleen and kidneys. The 
right lung weighed 725 Gm.; the left lung, 715 Gm 

F. W., aged 59, 


The heart weighed 525 Gm. 
had as chief complaints troublesome dyspnea, cough, chest 
pains and loss of weight. He had worked in the coal mines from 1912 until 1947. 
A roentgenogram of the chest showed massive areas of consolidation involving 


the upper half of the right lung and the greater portion of the upper half of the 


left lung; marked emphysema; diaphragmatic adhesions, and cardiac hypertrophy 
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W. H. M., aged 67, had considerable dyspnea and complained of loss of weight 
and weakness. He worked in the clay mines for 25 years, followed by 20 years’ 
work in the coal mines. A roentgenogram showed two massive shadows in the 
right lung and one massive shadow in the left lung (fig. 6 B). 


Fig. 4.—Roentgenograms of L. R. C. A, Aug. 7, 1936, shows reticulation and 
early nodulation. B, C and D show the progressive changes over a period of 
twelve years. In B, June 1938, nodulation is more advanced, and there is early 
coalescence of lesions; C, March 1, 1940, reveals pneumothorax of the right 
upper part of the chest. D, April 12, 1948, shows a massive shadow in the left 
upper part of the chest and extensive bilateral emphysema giving a pseudocystic 
appearance to the lung. 
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G. B., aged 59, complained chiefly of dyspnea, cough and weakness. He had 
been employed for thirty-eight years in the coal mines, in which considerable 
time was spent in heading work. Roentgen examination, Dec. 9, 1946, 
showed a massive shadow in the right apex with diffuse reticulation in the 
remainder of the lung, and considerable cardiac hypertrophy. The findings 
aroused a suspicion of carcinoma. Needle biopsy showed the typical fibrosis of 
silicosis and no evidence of cancer. A second roentgen examination, April 
4, 1948, showed little change in the apical lesions (fig. 6 C). 


Lead No. 3—Between Left Arm and Left Leg 


Fig. 5.—Electrocardiogram of F. L., a miner with chronic cor pulmonale. Note 
distinct right axis deviation and depression of ST, and Sts. P: and Ps are 
prominent. 


In this patient tuberculosis eventually developed, as shown by examination of 
his sputum. Tubercle bacilli were demonstrated in the sputum in September 1949. 
He died on May 4, 1950. Autopsy revealed an anthracosilicotic area involving 
the upper lobe of the right lung. A tuberculous cavity was present in the center 
of the silicotic area. The remainder of both lungs showed diffuse millet seed 
silicotic nodulation. 
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G. B., aged 55, worked in the coal mines for 35 years. His chief complaint 


was paroxysmal dyspnea. Physical examination of the chest disclosed signs of 


bronchial asthma, Roentgen examination showed increased pulmonary markings 


with some reticulation (fig. 6 D). This is a case of bronchial asthma in a coal 


miner with an insufficient degree of anthracosilicosis to cause disability 


Fig. 6 1, roentgenogram of the chest of F. L., showing chronic cor pulmonale 
associated with anthracosilicosis, B, roentgenogram of W. H. M., who worked 
in both clay mines and coal mines. Note large discrete conglomerate shadows on both 
lungs. C, roentgenogram of G. B., a patient with anthracosilicosis, taken on April 14, 
1948. There is a solitary massive shadow in the apex of the right lung simulating 
carcinoma of lung. D, roentgenogram of G. B., a coal miner whose silicotic involve- 
ment was mimmal. He suffered chiefly from bronchial asthma and pulmonary 


emphysema 
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COMMENT 


Our studies of the anthracosilicotic patient make us feel that there 
are general fallacies concerning this condition. There has been a 
prevailing impression that most silicotic patients contract tuberculosis. 
Our clinical and postmortem observations do not corroborate this. It 
is true that the silicotic patient becomes easier prey to tuberculosis 
than the normal person, and the incidence of this disease in our cases 
has been approximately 20 per cent. Belt and Ferris * found pulmonary 
tuberculosis in 8 of 42 Welsh coal miners coming to autopsy; in 5 
of these the presence of the disease was certified during life, and in 
the remaining 3 it was demonstrated histologically. In addition there 
were 13 in whom there were findings suggestive of tuberculosis. 
However, tubercle bacilli were not found in them. The authors 
suggested the term “koniophthisis” for this particular type of lesion 
in which there is a mixture of dust reticulation, silicotic fibrosis and 
caseation necrosis. They raised the question whether caseation is 
pathognomonic of tuberculosis or whether it may be produced by dust 
alone, although they felt that the evidence is in favor of the former. 

Nontuberculous infections of the lungs are not as frequent causes 
of death as they were in previous years. Formerly pneumonia, abscess 
of the lung and other pulmonary infections were common terminal 
complications. Lung infection in the pneumonoconiotic patient can be 
treated successfully with antibiotics and sulfonamides. In our experience 
the commonest cause of death in the anthracosilicotic group of patients 
is cardiac failure resulting from chronic cor pulmonale. It must be 
stated, however, that pulmonary insufficiency alone may be of sufficient 
degree to cause death. 

There has been a general belief that removing the patient from 
the work in which he is exposed to silica dust will check further 
development of silicosis. This is not always true. We have seen a 
number of patients whose exposure to rock dust extended over a short 
period but was sufficient to cause a diffuse nodular type of fibrosis 
without much disability, and who, in spite of being removed from 


their environment, became progressively worse, with development of 


massive types of lesions and emphysema resulting in total disability. 


There is a prevailing opinion that the silicotic process does not 
involve the apexes unless tuberculosis is present. We have encountered 

6. Belt, T. H., and Ferris, A. A Chronic Pulmonary Disease in South 
Wales Coalminers: C. Pathological Report, Medical Research Council, Special 
Report Series, no, 243, London, His Majesty's Stationery Office, 1942 
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a considerable number of cases of anthracosilicosis in which the most 
extensive fibrosis occurred in the apexes without tuberculous infection. 
(See fig. 2 D.) 

TREATMENT 


The patient must first of all be removed from the dust hazard. 
Many anthracosilicotic patients are able to carry on moderate activity 
if the occupational environment is changed. 


Symptomatic relief can be obtained by the use of an ephedrine salt, 
taken by mouth, or by means of aerosol bronchodilators, such as 
ethylnorsuprarenin (butanefrine® [a-(l-aminopropyl) protocatechuyl 
alcohol hydrochloride] ) or phenylephrine hydrochloride (neo-synephrine 
hydrochloride® N.N.R). Iodides are frequently of value. Administra- 
tion of oxygen or oxygen and bronchodilators by intermittent positive 
pressure is of great value.” This can be done by means of an apparatus 
made by the Mine Safety Appliances Company.* Antibiotics should be 


used when secondary infection occurs. Aerosol antibiotics are par- 
ticularly helpful. 


When congestive heart failure occurs, treatment is similar to that 
of such failure due to other causes. Rosenman, Fishman, Kaplan, 
Levin and Katz® have reported good results with the use of visammin 
(also called khellin), a crystallin compound from the fruit of the plant 
Ammi visnaga Lam, in the treatment of chronic cor pulmonale. They 
state that “each of 8 patients with chronic cor pulmonale showed 
distinct improvement in respiratory mechanics, color, exercise capacity 


and dyspnea following the daily oral administration of 100 to 300 
mg. of visammin.” 


CONCLUSIONS 


1. Anthracosilicosis occurs in soft coal miners. 


2. Routine studies in diagnosis include: a carefully taken history; 
physical, roentgenographic and electrocardiographic examinations; the 
erythrocyte sedimentation rate, studies of vital capacity, maximal breath- 
ing capacity and pulmonary circulation time; venous pressure measure- 
ments ; sputum examinations, and skin tests. 


3. Dyspnea may be the only symptom. 


7. Gordon, B.; Motley, H. L.; Theodos, P. A., and Lang, L. P.: Anthraco- 
silicosis and Its Symptomatic Treatment, West Virginia, M. J. 45:625 (June) 
1949, 

8. This apparatus is the MSA pneophore,® marketed by the Mine Safety 
Appliances Company, Pittsburgh. 

9. Rosenman, R. H.; Fishman, A. P.; Kaplan, S. R.; Levin, H. G., and 
Katz, L. N.: Observations on the Clinical Use of Visammin (Khellin), J. A. M. A 
143:160 (May 13) 1950, 
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4. Physical signs may be disappointing. 
5. Pulmonary emphysema is a prominent finding in anthracosilicosis 
and is an important factor in causing disability. The disability may 


be out of proportion to the amount of nodulation seen in the 
roentgenogram. 


6. Spontaneous pneumothorax may occur as a complication. 
7. Chronic cor pulmonale is a common complication. 
8. The characteristic lesion is that of pulmonary fibrosis. 


9. Treatment with bronchodilators, positive pressure therapy, and 
aerosols may cause considerable symptomatic improvement. 
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PHARMACOLOGIC TOOLS IN THE STUDY OF THE 
MECHANISM OF URANIUM POISONING 


HAROLD C. HODGE 
ROCHESTER, N. Y. 


HE MECHANISM of uranium poisoning has been studied to an 


extent not equaled for any other element.’ It makes an interesting 


story of itself. At the moment, however, attention is called to the variety 


of the experimental methods that have been brought to bear on this 


subject. These methods are drawn from the technics of research in 


biology, in chemistry and in physics, and illustrate the wealth of experi- 


mental procedures employed in modern pharmacologic research. 


Uranium when given parenterally is one of the most toxic elements. 


) / Providentially it is absorbed only very slightly via the gastrointestinal 

) ‘ tract or the skin. Otherwise there might have been a large number of 

{ : human poisonings when the Manhattan Project started processing the 

i : unprecedented tonnage of uranium ores and purified compounds in 1943. 
t This property of uranium in no way detracts from the thoroughness of 
: the excellent medical control program established in the Manhattan Pro- 
} ject by Dr. Stafford L. Warren as chief of the medical section? It is 
; gratifving to quote Howland “No specific evidence of chronic injury 
‘ to workers employed in any phase of the uranium industry has occurred 
: as the result of the peculiar toxicity of uranium.” 


Industrial Hygiene 


Read at the Eleventh Annual Meeting of the American 


Association, Chicago, April 25-27, 1950 


From the Division of Pharmacology and Toxicology of the Department of 


Radiation Biology, University of Rochester School of Medicine and Dentistry 


This paper is based on work performed under contract with the United States 


Atomic Energy Commission at the University of Rochester Atomic Energy Project 


i. Voegtlin, C., and Hodge, H. ( The Pharmacology and Toxicology of 


Uramum Compounds, with a Section on the Pharmacology and Toxicology of 
Fluorme and Hydrogen Fluoride, National Nuclear Energy Series, div. 6, vol. 1, 


pts. | and 2, New York, McGraw-Hill Book Company, Inc., 1949. 


> 


2. Voegtlin and Hodge,! p. 11 


3. Howland, |. W., in Voegtlin and Hodge,’ chap. 16, p. 1016 
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ANALYTIC CHEMISTRY 

In determining the mechanism of action of a substance such as 
uranium, one of the necessary pieces of information is the knowledge of 
the sites of its distribution. For this, an analytic method sensitive enough 
to detect extremely small amounts must be developed, for although bone 
may contain a microgram or more of uranium per gram, the soft tissues 
may attain only tenths or hundredths of a microgram of uranium per 
gram of fresh tissue. 

The method perfected by Neuman and co-workers * is based on the 
fact that fused sodium fluoride containing uranium fluoresces when 
exposed to ultraviolet radiation. The intensity of the fluorescent light 
is proportional to the uranium content. The method has only a 5 per 
cent error when the quantity of uranium measured is 0.0000000005 Gm. 
(one two-billionth of a gram)! In this method, filters placed between 
the source of ultraviolet radiation and the sample of sodium fluoride 
permit transmission chiefly of the wavelengths that excite fluorescence. 
Between the sample and the phototube, additional filters are placed to 
remove as much scattered light as possible but to transmit the frequency 
of the fluorescent light. The photocurrent is amplified by using a 
circuit designed especially for fluorophotometric measurements. The 
development of this method is a meritorius study in analytic chemistry, 
and it illustrates clearly the place of analytic chemistry in pharmacologic 
research, 

ULTRAFILTRATION 

When uranium enters the body, the hexavalent uranyl ion (UO,**) 
is the only stable form in the poised oxidation-reduction system present. 
The uranyl ion in the blood stream or in the extracellular fluid is trans- 
ported partly as a protein complex and partly as a bicarbonate complex. 
The protein compiex is not diffusible; the bicarbonate complex is 
diffusible. This property has been studied by using the technics of ultra- 
filtration. Some uranyl ion is added to blood serum contained in a 
collodion tube, and the tube is immersed in water. Collodion is a fairly 
coarse membrane permitting the bicarbonate-uranium complex to diffuse 
while restraining the protein complex. When various pressures of 
carbon dioxide (CQO,) are applied to the collodion tube, more uranium 
diffuses as the pressure of CO, increases (fig. 1). At a physiologic pres- 
sure of CO,, i. e., 40 mm. of mercury, about 60 per cent of the uranium 


is diffusible. Consequently it is inferred that in the blood approximately 


40 per cent of the uranium is present as a protein complex and 60 per 
4. Neuman, W. F.; Fleming, R. W.; Carlson, A. B., and Glover, N 
Fluorophotometric Determination of Uranium in Biological Material, J. Biol 


Chem. 173:41, 1948. 


ev 
301 
is 
4 
5 
4 
— 
g 
2 
: 
> 
§ 


32 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


cent as the diffusible bicarbonate complex. Ultrafiltration studies which 
might be classed as physicochemical technics here become part of a 
pharmacologic investigation. 


PROTEIN PRECIPITATION 


The uranyl ion reacts with proteins, apparently with the free carboxyl 
groups. Certain proteins, e. g., serum albumin and egg albumin, are 
readily precipitated by uranyl ions. At the isoelectric point, this 
precipitation is accomplished without denaturation. As may be readily 
demonstrated, a small amount of bicarbonate added to a suspension of 
precipitated egg albumin promptly takes the albumin back into solution. 
The bicarbonate is able to compete successfully for the uranyl ion and 


100 


80 
60 


PER CENT FILTERABILITY 


% 20 40 60 80 100 


COp CONTENT IN VOLUME % 


Fig. 1.—Ultrafiltration of uranium. As the carbon dioxide pressure increases, 
more uranium bicarbonate complex diffuses across a collodion membrane. 


removes sufficient uranium to permit the re-solution. The absence of 
denaturation is shown by the unaltered solubility. Studies in protein 
chemistry are biochemical or colloid or physical-biochemical procedures ; 
in the application they are pharmacologic. 


BONE DISPOSITION OF URANIUM 


When uranium enters the blood stream, it is rapidly removed at two 
principal sites: (1) bone and (2) kidney (thence into the urine). This 
distribution is rapid; within an hour about 30 per cent of a parentera! 
dose of uranium is deposited in the bone, about 15 per cent in the kidney, 
and 20 per cent will already have appeared in the urine. The ultimate 
distribution (1. e., after a month) finds most of the uranium initially in 
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the bone still at this site. The kidney may contain 1 or 2 per cent 
of the original dose ; all the rest may be accounted for in the urine. 

The adsorption phenomena of bone are important. The crystals of 
bone mineral are extremely minute, of the order of 100 to 200 angstroms 
in length. Such tiny crystals have relatively large surfaces per unit 
mass ; there is reason to believe that one fifth of all the calcium and phos- 
phorus in the bone mineral is in or on the surface of these crystals. It 
has been calculated that the total area of the microcrystals of the human 
skeleton may be as great as 2 acres (about 8,000 sq. M.). Such an 
extensive surface can play an important part in regulating the ionic 
concentrations in the extracellular fluid and thus in the blood. 


URANIUM-TREATED 


CALCIUM (0.0012M) 
PER CENT EXCHANGE 


4... i 
4 6 8 10 
TIME IN DAYS 


2 


Fig. 2.—The effect of uranium saturation on the ability of bone ash to exchange 
calcium and phosphate. The percentage of the bone calcium exchange is les- 
sened by uranium treatment (upper curve); a similar decrease is noted with phos 
phorus, (lower curve). 


One may assume that on the surface of the bone crystals there are 
phosphate and calcium ions of considerable lability. Neuman and 
co-workers ° have shown for phosphorus and Underwood and associates ° 
for calcium (fig. 2) that ions in solutions containing radiophosphorus, 


5. Neuman, W. F., and Riley, R. F.: Uptake of Radioactive Phosphorus by 
Calcified Tissues of Normal and Choline-Deficient Rats, J. Biol. Chem. 168:545, 
1947. Falkenheim, M.; Neuman, W. F., and Hodge, H. C.: Phosphate Exchange 
as the Mechanism for Adsorption of the Radioactive Isotope by the Calcified Tis- 
sues, ibid. 169:713, 1947. 

6. Falkenheim, M.; Underwood, E., and Hodge, H. C.: University of 
Rochester Atomic Energy Report no. URS3, 1949. 
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 **, or radiocaleium, Ca54, exchange rapidly and to a considerable extent 
with the same ions of the crystal surfaces. Uranyl ions appear to enter 


into a similar type of reaction; in fact, uranium competes with calcium 
for positions on the mineral surface. Neuman and associates’? have 


shown (fig. 3) that with increasing concentration of calcium in solution, 
decreasing amounts of uranium are taken up by bone. Interestingly 
enough, it has been found that for every mole of uranium fixed on the 


bone, 2 moles of calcium of the bone are no longer able to take part in 
the exchange reaction. Simultaneously, for every mole of uranium 
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CONCENTRATION OF CALCIUM AT EQUILIBRIUM 
(-¥Ca/ML) 
: Fig. 3.—Competition between walk and uranyl ions. The upper curve shows 


a linear decrease in the uramum content of bone shaken with solutions of increas 
ing calcium concentration (both stales logarithmic) In the lower curve the 
concentration of uranium in solution rises linearly; i.e., as uranium is removed 
trom the bone, uranyl ion appears ip the solution 


adsorbed, 2 moles of phosphate of the bone no longer enter the exchange 
reaction with solution phosphate. These findings may be simply 
described by assuming that each uranyl ion reacts with two adjacent 
surface phosphates with a very stable linkage at sites formerly occupied 


by 2 calcium ions. 


7. Neuman, W. F.; Neuman, M. W.; Main, E. R., and Mulryan, B. J.: The 
Disposition of Uranium in Bone: VI. Ion Composition Studies, J. Biol. Chem 
179:341, 1949 
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These studies of the surface of the bone mineral might be classed 
as a physicochemical approach, and the isotope studies might as well be 
called biophysical procedures. It is apparent that valuable pharmaco- 
logic information arises from the application of these procedures, valu 
able not cuiy in understanding the behavior of uranium but also in 
studies of other bone-seeking elements. 


Fig. 4—Radioautographs of kidney: 4 shows a thin section stained by the 
conventional hematoxylin and eosin technic; B, a radioautograph from the adjoin 
ing surface; C, a composite picture demonstrating that the radioactive areas are 
scattered throughout the section. 


KIDNEY DEPOSITION OF URANIUM 


Most of the uranium not fixed in the skeleton passes out of the body 


via the urinary tract. As was indicated in the foregoing section, some 
may be deposited, at least temporarily, in the kidney. Neuman and 
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Wills * gave rats an intravenous dose of uranium containing a highly 
radioactive isotope, U232. Several hours later the rats were killed, the 
kidneys removed, and a slice of the fresh tissue was placed on a photo- 
graphic emulsion. The resulting radioautograph (fig. 4) shows that 
most of the uranium was distributed not uniformly but in scattered areas 
throughout the section. The composite photograph obtained by super- 
imposing the section stained with hematoxylin and eosin on the 
radioautograph clearly shows that the uranium distribution extended 
throughout the kidney in a more or less random fashion not associated 
with the principal morphologic zones of the kidney. 

This work illustrates the application of the biophysical technic of 
radioautography in a pharmacologic study. 


HISTOPAT HOLOGA 


In the glomerular tuft, diffusible uranium crosses the membrane into 
the lumen of the tubule (presumably the protein-bound uranium dis- 
sociates somewhat to reestablish a balance with uranyl bicarbonate), In 
the proximal convolution, some of the bicarbonate is resorbed from the 


urine into the blood stream, reducing the amount of bicarbonate avail- 
able for complexing uranium. The uranium thus released reacts with 
protein of the surface of the columnar cells lining the tubule in this 
section. As a consequence, these cells become necrotic and are sloughed 
into the tubular lumen. Later, in surviving animals, these cells are 
replaced by regenerated epithelium, growing down from above, or up from 
helow, the injured area. The renal injury is the only serious one 
following moderate doses of uranium. It has a highly characteristic 
histopathologic picture: The glomerulus is usually not injured at all ; 
it is the distal third of the proximal convoluted tubule that regularly 
sustains the severest injury. 


Such a study involves observational or morphologic biology; it is 
experimental pathology, but here it becomes part of a pharmacologic 
investigation 


RENAL CLEARANCES 


The clearances of a number of substances have been followed in 


animals given moderate doses of uranium. 


In the accompanying table 
the clearances are expressed as percentages of the normal values. Inulin, - 
creatinine and xylose are neither resorbed from the urine nor secreted 
into the urine; consequently, these substances are used as measures 


of glomerular filtration. Since there is no change in the clearances. - 


there is no indication of functional injury to the glomerulus. Chloride 


8, Neumann, and Wills, in Voegtlin and Hodge,’ chap. 11, p. 712. 
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and urea are resorbed at more than one place along the tubule (not just 
in the proximal portion). With extensive injury the clearances of these 
substances are increased ; with moderate injury, when only the proximal 
convolution is involved, no change is found in the clearances. Dextrose 
is resorbed mostly in the first half of the proximal convolution ; the sites 
of amino acid resorption have not been so closely fixed. The increases 
in the clearances of these substances indicate a partial failure in the 
resorptive function. Diodrast* and phenol red are secreted by the tubule 
cells into the urine from the blood stream. Decreases of the clearances 
of these substances indicate a partial failure of the secretory function. 
These functional studies (physiologic) confirm the histopathologic 
evidence and offer important additions to the pharmacologic study. 


CATALASURIA AS A TEST FOR URANIUM POISONING 


When the epithelial cells of the renal tubules are killed by uranium, 
the cells disintegrate, and their contents, which pour into the lumen of 


Clearances in Uranium Poisoning 


Substance (Percentage of Control Value) Comment 


Inulin, creatinine, xylose 1 + No glomerular injury 
Chloride, urea Increased or bo change Only part of tubule inv 
Dextrose, amino aeid 200 to 300% increase Resorptive mechanism 
ranged in proximal! 
volution 
lodopyracet injection U.S.P Decreased to 50 to & Secretory functior 
(diodrast *), phenol red fered with 


* Registered tradermark 


the tubule, collect in the urine of the bladder. Among the substances not 
normally found in urine but present after destruction of such cells are 
certain enzymes, for example, phosphatase and catalase. Dounce ® used 
the typical activity (i. e., the normal physiologic activity) of such an 
enzyme as a quantitative measure of the amount of enzyme present in the 
urine and therefore of the amount of acute renal cellular damage. This 
is a new principle in clinical chemistry. 

After a dose of uranyl acetate has been given intravenously to a 
rabbit, the urine shows increased concentrations of catalase, phosphatase 
and protein (fig. 5). Catalase and phosphatase are more sensitive indi- 
cators of very slight cellular damage than is urinary protein, and there 
is evidence that the catalase test is somewhat more delicate than the 


phosphatase test. Extensive applications of the three tests have shown 


9. Dounce, A. L., and others, in Voegtlin and Hodge, chap. 14, p, 889. 
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lig. 5.-Catalasuria in uranium poisoning, The urinary catalase (lowest curve), 
protein levels (uppermost curve) and diodrast® clearances (middle curve) of a dog 
exposed eight hours daily to an atmosphere contammg about 2 mg. of uranium 
nitrate hexahydrate dust per cubic meter of air. Exposures continued during the 


ent: 


tire experimental period. 
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INHIBITION IN % 


l i 
3 
INITIAL U-CONCENTRATION IN MOLS/LITER x 1075 


Fig Inhibition of yeast cells’ utilization of dextrose. A wide range of yeast 
concentrations was used. The maximum inhibition is adjusted to 100 per cent 
his figure from Rothstein, Frankel and Larrabee ?° (their fig. 2, page 265) has 
been reproduced by permission of the authors and the editors of the Journal of 
Cellular and Comparative Physiology 
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that the most reliable information comes from a simultaneous application 
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of all three tests because, peculiarly enough, there is not a high correla- 


tion in a single urine sample of the positive responses to the three tests. 


INHIBITION OF 


DEXTROSE METABOLISM 


Another way in which enzyme studies have been applied to the 
pharmacology of uranium is in the search for the mechanism by which 
uranium kills cells. It is so difficult to observe the minute-to-minute 


effects of uranium on living mammalian kidney cells that exploratory 
work was done on yeast cells by Rothstein, Frankel and Larrabee.'® 
Living yeast cells promptly stop metabolizing dextrose or fructose 
(promptly stop using oxygen or producing carbon dioxide by fermenta- 
tion as shown by the Warburg apparatus) when uranyl ions are added 
even in very dilute solution. It has been conclusively demonstrated that 
uranium acts at the cell surface. Thus, if an ion capable of complexing 
uranium (for example, the HPO, ion) is added, the yeast practically 


instantaneously resumes the utilization of dextrose even when added 
phosphate concentration is only one hundredth of that inside the yeast 
cell. It hardly seems possible that this response could have been evoked 
if the uranium had diffused into the interior of the yeast cell 

The first step in the yeast cell's oxidation of dextrose appears to be a 
phosphorylation that may he represented as follows: 


Dextrose + phosphory lase dextrose-6-P¢ 


If uranium acts by blocking this reaction, it seems plausible that the 
addition of the product ( dextrose-6-phosphate ) should permit a resump- 


tion of metabolic activity. This is found not to be the case. Yeast 


cells cannot burn dextrose-6-phosphate. It must be split to “free” 


dextrose, by phosphatases on the cell surface, before the dextrose can 


be utilized. It appears that the phosphorylation must be done on the 


cell surface to make dextrose available for oxidation within the cell 


\nother method by which uranium might inhibit this reaction would 


be to form a complex with dextrose in such a way as to prevent its phos- 
phorylation. Studies of the complexing behavior of dextrose show that 
there is practically no complex formed (surprisingly enough, fructose 
complexes the uranyl ion). The inhibition might be the result of com- 
plex formation with the enzyme hexokinase; that this is not the case is 
indicated from kinetics studies. There is one other obvious opportunity 

10. Rothstein, A.; Frankel, A., and Larrabee, C.: The Relationship of the 
Cell Surface to Metabolism: II. Certain Characteristics of the Uranium Complex 
with Cell Surface Groups of Yeast, J. Cell. & Comp. Physiol. $32:261-274, 1948. 
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for uranium to inhibit the phosphorylation reaction, i. e., to tie up the 
source of phosphate, and apparently this is the basis of the inhibitory 
effect. 

Uranium is bound very tightly but reversibly on the yeast cell surface. 
\s may be seen from figure 6, when small amounts of veast are present, 
(3.5 mg./ml.) 50 per cent inhibition is produced by 0.2 x 10°° moles of 
uranium per liter. Increasing the amount of yeast by nearly 10 times 
(to 30 mg./ml.) also necessitates a large increase in uranium concentra- 
tion to produce the 50 per cent uranium inhibition: about 1.2 « 10°° 
moles of uranium per liter are required. This is evidence of a tightly 
bound complex between the yeast cell active groups and the inhibiting 
uranyl ions. This has been confirmed by direct measurements of the 
dissociation constant of the yeast surface-uranium complex. 

The only complexing agents known to form complexes with as small 
a dissociation constant as that of the complex of the uranyl ion with the 
yeast cell surface are polymers of metaphosphate, such as hexametaphos- 
phate. In both cases the dissociation constant is about 10-7. While it is 
certain that the phosphate source in the phosphorylation reaction writ- 
ten in a foregoing paragraph is not hexametaphosphate, recently meta- 
phosphate polymers have been found in yeast which are closely associated 
in some manner with dextrose metabolism. The idea that the phosphate 
store for the phosphorylation reaction is a high energy polyphosphate is 
attractive. The effect of uranium in blocking the utilization of dextrose 
could be plausibly attributed to the formation of an undissociated com- 
plex with the polyphosphate, thereby making phosphate unavailable for 
the surface reaction. In these studies the technics of cellular physiology 
are applied to pharmacologic and toxicologic problems 


SUMMARY 


Some of the highlights of the mechanism of uranium poisoning have 
been presented; a brief recapitulation may be useful. When uranium 
as the uranyl! ion enters the body, it is carried in the blood stream partly 
as a nondiffusible protein complex and partly as a diffusible bicarbonate 
complex. A substantial part of the uranium is deposited in bone through 
being exchanged with calcium ions at the surface of the bone mineral; 
each adsorbed uranyl ion apparently complexes with two adjacent phos- 
phate groups. Most of the uranium is excreted in the urine; however. 
some of the uranium reacts with the cells lining the renal tubules and 
injures or kills these cells. With small or moderate doses, the distal 
portion of the proximal convoluted tubule receives the severest injury 
If death ensues, it follows a typical uremia; if the animal survives, 
cellular regeneration restores much of the kidney tissue and function. 


8 
| 
= 


HODGE—URANIUM 


A few of the pharmacologic tools that have been brought to bear on 
this problem are (a) fluorophotometric analysis for uranium, (0) ultra- 
filtration of bicarbonate complex, (c) protein precipitation, (d) radio 


isotopes in exchange adsorption studies of bone, (¢) radioautographs of 
kidney, (f) renal clearance studies, (g) histopathology, (4) enzymic 
activity in the urine and (i) cell physiology, particularly the inhibition of 
metabolism as investigated in enzyme studies and kinetic studies 

These studies of the mechanism of uranium poisoning provide a good 
illustration of the diversity of physical and chemical methods that are 
brought to bear in modern pharmacologic research. 
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larger aspects, implies 


various jobs, but the practical application of the details of the preventive 
aspects is worth discussing systematically under the following headings : 


I. Prevention of Disease 
A. Survey of Cutaneous Hazards 
B. A Standard Program of Prevention 
1. Elimination of Hazards 
2. Education of Personnel 
3. Selection of Personnel 
4. Inspection and Follow-Up 
5. Provision of Physical Safeguards 
6. Inspection and Enforcement 
7. Appointment of a Safety Committee 
C. Disposition of Worker 
Il. Prevention and Limitation of Disability 
A. Early Detection. 
B. Proper Treatment 
C. Complications 
1. Of Disease 
2. Of Treatment 
D. Follow-Up of Disabled Personnel 


Ill. Prevention of False Claims 


IV. Conclusions 


Read at the New Orleans Graduate Medical Assembly, New Orleans, March 8, 


PREVENTIVE ASPECTS OF OCCUPATIONAL DERMATOSES 


HE PREVENTION of occupational dermatoses, viewed in its 
a comprehensive, coordinated program, 
whether such a program is applied to a particular industry as a whole, 
to a particular shop, factory or mill, or even to a specific job. The 
program will naturally vary considerably with different industries and 
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LANE-GRAY—PREVENTIVE ASPECTS OF DERMATOSES 3X3 
PREVENTION OF DISEASE 
SURVEY OF CUTANEOUS HAZARDS 


In the prevention of any disease it is essential to ascertain the 
facts about the disease—the incidence, causes, onset, course, com- 
plications, etc. To find out the particular cutaneous problem or prob- 
lems of the individual industry, shop or job there should be a detailed 
survey of the particular industry, shop or job and thus the actual or 
potential hazards to the skin determined. From the manager of the 
factory and his assistants or foremen can be obtained a general under- 
standing of the goods manufactured, the raw materials used and the 
processes through which these materials may pass to become the finished 
product. From such a source can also be obtained a general picture 
of the outstanding problems related to the skin. Further information 
concerning the health problems and hazards can be obtained from the 
factory’s medical department, i. e., the plant physician, the nurse or 
the person in charge of first aid, if there is such a department. Further 
information may be obtained from the safety engineer, the plant chemist, 
the foremen and the persons affected. From such sources may be 
obtained some concept of the magnitude of the particular cutaneous 
problem, the department or departments involved and the criteria used 
in determining that workers have a skin disturbance of occupational 
origin. Medical records will also show further any periodicity in the 
outbreaks of skin disease, the type- and duration of involvement of 
various employees and other items of medical interest. It will be 
necessary to ascertain the type of skin disease which exists, whether 
dermatitis, folliculitis, keratosis, acne or other condition, or some type 
of infection due to industry, such as a pyogenic infection. It is of 
importance that an inspection of the plant or the shop be made in 
orderly sequence, preferably from the use of the raw _ product 
through to the packing or disposal of the finished product and 
waste material. Each department may need to be investigated for 
cleanliness, materials handled and types of machines used, actual details 
of the process involved, the use of protective devices, and other factors. 
Various foremen will need to be questioned as to the presence of 
workers with even minor cutaneous disease, and inspection should be 


made for evidence of such disease. Those found to have any disturbance 


of the skin should be recalled for a more careful history, a physical 


examination and skin testing if indicated. Particular attention needs 
to be paid to locker facilities and to the cleansing facilities and materials 
used at the end of the work period. 

With such a thorough survey it becomes possible to evaluate the 
situation and to determine the cutaneous hazards which exist. If such 
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hazards are apparent, or seem possible, a standard program of pre- 
vention to control these hazards should be developed by the combined 
efforts of management, safety engineer and medical department. 


A STANDARD PROGRAM OF PREVENTION 


Elimination of Hazards.-The first item on such a program is, if 
possible, to eliminate entirely the hazards that are found, or to introduce 
harmless substitutes if such are available or known. Frequently this 
is not possible, and it becomes necessary to develop a technic to minimize 
these hazards, at least. Basically this necessitates conducting operations 
or protecting the workers in such a way as to prevent the skin from 
coming in contact with the material which may be a hazard to the skin. 

In some types of industry it may be possible to carry out this part 
of the plan with new equipment, by the installation of automatic 
machinery, so that the entire processing of a product is totally enclosed 
in machinery. In many industries this is not possible, either because 
of old equipment or because of the type of process involved. It will 
then become necessary to rely on other means to eliminate or minimize 
the hazard. 

In other industries the elimination of irritant vapors and dusts must 
be obtained by an adequate ventilating system. 

Education of Personnel.—Perhaps the most important single step 
toward such an objective is the education of all personnel in a routine 
handling of skin irritants by a safe technic in the departments where 
such hazards exist. Emphasis is placed on the value of cleanliness of 
shops, machinery and equipment, as well as of personal cleanliness. 
Discussion of personal cleanliness should include education as to the 
selection of harmless cleansers and their methods of use. A program 
of education should stress the reporting of all cutaneous irritations to 
the medical department as soon as they are noticed. Such a procedure 
not only may indicate a hazard thus far unrecognized but may also 
make it possible to lessen disability. 

Education of personnel in regard to hazards should include, first 
of all, supervisors and foremen who are in close contact with the 
workers and the materials which they are handling. On this careful 
training of the workers and their close observation of preventive 
measures depends the success of a preventive program. It is indeed 
most probable that information about hazards will often be obtained 
first from the workers, or perhaps by the nurses, the first aid men, 
the plant physicians, the safety engineers or the plant manager as 
hazards are found to develop, and arrangements should be made that 
all information regarding cutaneous hazards should be brought to 


the attention of the medical department. To accomplish such a program 
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requires the fullest cooperation between all members of a particular 
organization. Not only must preparations be made to provide and 
rigidly maintain the proper facilities once the workers have been 
educated to the use of preventive measures, but measures must be 
taken to minimize the misuse of these safeguards. 

Selection of Personne|.—Selection of personnel is another possible 
means of preventing disease and disability where hazards exist. Some 
time may need to be taken in order to develop a personnel of resistant 
persons. It is well to select as workers in jobs with cutaneous hazards 
persons who have no history of allergic disease, who have had no recent 
dermatitis, no history of repeated dermatitis or eczema and who show 
no evidence of a recent dermatitis on examination. New applicants 
should be given a careful preemployment examination by the medical 
department, particularly with regard to the skin, when employment is 
being considered for a job in which there is a cutaneous hazard 
Dark-skinned persons in general are less liable to the development of 
a dermatitis from sensitizing agents. Dry skins do not tolerate alkalis 
and solvents as well as young oily skins. The latter, perhaps with a 
mild acne, may come to have more acne from oil and chlorinated 
compounds. Individuals with cutaneous disease may need to be referred 
to a dermatologist for an expression of opinion with regard to diagnosis 
and the risks of irritation in connection with specific agents. The 
selection of more mature persons who can be expected to follow 
directions more carefully is obviously another possible step to limit 
disability. Some such system of selection should pay dividends in the 
long run in the reduction of disease and disability in the presence of skin 
hazards. 

The use of a preemployment patch test as a means of determining 
who will or will not become sensitized to a specific substance is open 
to serious question. In the first place, such a test may produce hyper- 
sensitivity to an allergen with which the worker has not vet come in 
contact but which he may encounter in later life. Furthermore, the 
patch test will not always indicate whether the subject may be presumed 
to be one who will become sensitized on employment, if the result is 
negative, nor will it indicate, if positive, whether or not the person 
will become “hardened.” 

Selection of personnel includes the choice of a physician and a 
nurse, both well trained, competent consultants and provision of adequate 
facilities in the medical department or the first aid room 

Inspection and Follow-Up.—The physician's inspection of personnel 
returning to work after a disabling dermatitis or, in fact, after any 
serious cutaneous disease is of great importance. First, it is ne essary 
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to determine whether the patient is sufficiently recovered to permit 
resumption of work without danger of recurrence due to an agent 
which would ordinarily not be irritating to his particular skin. The 
reemployment examination may well provide information to prevent 
a premature return with its threat of an early relapse and_ not 
uncommonly a longer period of disability. Second, a systematic 
follow-up after resumption of work may detect a recurrence in a 
susceptible person at the earliest stage and thereby permit early treat- 
ment and little or no disability. 


Provision of Physical Safeguards.-Any standard program for 
preventing cutaneous disturbances should provide actual physical safe- 
guards where needed to avoid any such disturbance. These safeguards 
will vary widely, depending on the industry and the particular process, 
but all industries will have in common. the necessity of furnishing 
adequate and proper facilities for cleansing 

Convenient basins and showers in sufficient numbers, with hot and 
cold water, are an essential feature, and enough time should be allowed 
the worker for their routine use. 

Potentially harmful cleansers, such as abrasive soaps high in alkaline 
content and powerful solvents, are in widespread use. These agents 
are popular among workers because of the ease and speed with which 
cleansing can be accomplished. However, the greater the speed of 
action of a cleanser, the greater the likelihood that it contains material 
potentially harmful to the skin. This is unfortunately true not only 
where such cleansers act as primary irritants but also particularly in 
those cases in which some dermatitis has already made its appearance 
and rendered a skin receptive to further damage from agents which 
perhaps formerly did not affect it. Careful selection should be made 
ot detergents which will clean without harming the skin either by 
defatting action or by abrasive or irritant action. 

Detergents may irritate the skin both by physical and by chemical 
means. Harsh abrasives may be present which will injure the skin; 
alkalis dissolve the keratin and emulsify cutaneous fats. Organic 
solvents which may have been added may further defat the skin. 

\ good industrial cleanser should primarily remove the dirt from 
the worker's hands. [t should be superfatted if possible, should contain 
a wetting agent to lower the surface tension of liquids and allow them 
to spread and to penetrate, should contain a soft scrubber rather than 
a harsh abrasive, should contain a minimum of free alkali and have a 
fu of 10.0 or less in a 1.0 per cent solution. For those workers who 
already have a dermatitis or who are soap sensitive, cleansers other 
than soap should be provided. Instructions should be provided as to 
the most efficient use of cleansers. 
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Klauder, Gross and Brown®* in a study of cleansing agents sug 
gested two satisfactory combinations : 

1. Equal parts of neat’s foot oil and liquid petrolatum containing 25 per cent 
gelatin and white granulated corn meal, 14% parts by weight of corn meal and 1.0 
part of the oil mixture. Chlorobutanol, 0.5 per cent solution, is added as a preserva- 
tive. The fa of this mixture is about 5.0. Sodium hexametaphosphate may be 
added if desired 


2. Hands may first be immersed in a 1.0 per cent solution of sodium metasilicate 


and then washed with a mixture of equal parts by weight of flaked (chip) soap 


and granulated corn meal. This may be less desirable, as it is distinctly alkaline. 


Various other mixtures with other abrasives are used. Vegetable abrasives, espe 
cially corn meal, have proved to be satisfactory accessories used with a detergent. 

Where the enclosure of hazardous processes is not possible, pro- 
tective clothing may be used as a preventive measure. This will also 
vary, depending on the type of industry and the process involved. 
It may be necessary to use protective clothing, such as gloves, aprons, 
trousers and sleeves. These articles may be cotton fabric, leather, 
rubber (either synthetic or natural) or synthetic resin films or cello- 
phane. Rubber is apparently the best substance for gloves at the present 
time. It is of the utmost importance that protective clothing of what- 
ever type be kept adequately clean. Special means of cleansing these 
items may need to be developed. Respirators may be vitally necessary 
in certain processes. 

Protective creams, of which there are many types, may be the only 
possible means of protection. The ideal protective cream should protect 
the skin against the agent being handled, should not irritate or sensitize 
the skin and should allow easy application and easy removal. These 
may be classed as water repellent, oil repellent, special for special 
hazards, sunburn preventive, insect repellent agents, etc. Protective 
creams may also be spoken of as the “vanishing cream” type, which 
simply fill the pores and facilitate the removal of dirt on washing, or 
the “invisible glove” type, which leave a film of water-soluble or 
insoluble material on the skin, preventing the irritant from touching 
the skin. Protective creams may also cover the skin and fill the pores 
with a harmless fat to repel irritants and to provide a material on 
which solvents may act rather than on the oil of the skin. Other 
protective materials may contain a chemical which is nonirritating to 
counteract the industrial irritant. Some types of protective creams 
contain inert powder to provide a protective barrier to irritants. A 
more specialized protective cream contains materials to protect the 


skin against photosensitizing agents. These creams frequently will not 


1. Klauder, J. V.; Gross, FE. R., and Brown, H.: Prevention of Industrial 
Dermatitis, Arch. Dermat. & Syph. 41:331 (Feb.) 1940 
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give nearly as complete protection as other safeguards but may permit 
some operations which can be carried out only by the use gf bare 
hands. A cream may also protect against volatile agents, especially 
on the face, where it may be the only means of protection. Another 
possible point in favor of a protective cream is that it may lead to 
more thorough cleansing of the skin at the end of the work period. 
Klauder, Gross and Brown’ have also reviewed protective creams 
very well. 


Inspection and Enforcement.—For any plan of prevention to be 


successful there must be an inspection program and some sort of 
enforcement of preventive measures. Breaks in the technic of using 
safeguards will always have to be expected. A satisfactory inspection 
program should endeavor to ascertain whether the hazards have been 
eliminated so far as possible, whether personnel have been selected who 
can be depended on to carry out instructions and whether all personnel 
have been thoroughly educated regarding the presence of hazards. It 
would stress the importance of avoiding dermatitis and the technic of 
doing so, as well as the value of reporting any dermatitis in its earliest 
form, etc. There may, however, be the necessity to adopt a stringent 
enforcement plan for perhaps several types of persons who will fail to 
do their part in cooperating with the preventive measures outlined. This 
group will include the indifferent, the careless and, perhaps in the 
greatest numbers, those who will court several weeks or months of 
disability because of their fear of losing pay for a few days if they 
report an early dermatitis. The inspection program ideally should be 
the united effort of many persons. An inspection program should include 
not only the workers but should concern itself with those responsible 
for maintenance of equipment and cleansing facilities. As already 
pointed out, a good plan can be rendered ineffective by too great a 
feeling of security on the part of those responsible for the initiation of 
any preventive plan. 

Appointment of a Safety Committee——-In order to provide ade- 
quately for the fulfilment of any preventive program, no matter how 
large or how small the organization, there should be a safety committee 
or at least a person familiar with the effects of the hazards in that 
particular industry and in charge of all preventive aspects. Such a 
committee could well have developed the program of prevention, could 
be in charge of more or less regular inspection and perhaps make 
recommendations with regard to enforcement measures and have a word 
in the disposition of individual cases along with the physician in charge 
of the particular patients. With such a committee much loss of time 
can be prevented and disability shortened 
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DISPOSITION OF WORKER 


In preventing further attacks of dermatitis the matter of disposition 
of the worker in whom an occupational dermatitis has developed 1s 
often a puzzling problem. Shall he be sent back to work? Can the 
process be changed to eliminate the offending agent? Shall he be 
laid off? Shall he be transferred to another department? The answers 
will depend usually on the individual situation. If a sufficient number 
of workers are involved, it will probably indicate a change in the technic 
or some alteration in the substances handled or the use of some of the 
safeguards already mentioned. If the cutaneous disturbance occurs only 
in an occasional worker, suggesting carelessness or possibly an individual 
sensitivity, the solution will probably be an individual one. If his skin 
disease is severe enough, he should be laid off. He may be sent to his 
local physician, to a dermatologist or, perhaps, if the condition is 
exceedingly severe, to a hospital for treatment. Depending on the 
severity of the previous attack, it may be possible to return the worker 
to the same job under a careful follow-up to detect any signs of 
recurrence in the incipient stage. “Hardening,” the acquiring of an 
immunity, may make it possible for him to continue the job without 
further trouble. If the involvement has been severe or there has been 
evidence suggesting continuation of intolerance of his skin, it may be 
possible to transfer him to a job where he would not contact the agent 
or agents to which his skin reacted before. Such a transfer would 
imply that there is some degree of specialization within the particular 
industry. There are industries in which such specialization does not 


exist or in which the responsible material is in such widespread use 


that it cannot be avoided. In these situations the greatest possible 
benefits are derived from the use of physical safeguards which may 
make it possible for an indiyidual employee to avoid a recurrence of 
his illness. If such use is not possible for efficiency reasons, or does 
not protect sufficiently, or is found to fail, then there remains no 


solution but to suggest that the worker seek other less hazardous 
employment. 


PREVENTION AND LIMITATION OF DISABILITY 

So far the discussion has concerned the survey of cutaneous hazards, 
their recognition and the adoption of a standard plan of prevention 
for the shop or the industry. In the event that a cutaneous disease 
due to occupational factors develops, and this often happens, emphasis 
must be placed on the prevention or at least the limitation of disability. 
The prevention of disability, perhaps occurring because of the extension 
of a dermatitis or because of the appearance of the same condition in 
other employees, is frequently a matter of early detection and proper 
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treatment; such prevention goes along with capable physicians and 
medical departments, although it also implies cooperation between the 
medical department, the personnel department and the safety engineers 
and foremen. 


EARLY DETECTION 


There should be provision, first of all, for the earliest possible 
detection of a cutaneous disturbance in one or in many persons, so 
that early therapy of proper type is instituted to relieve quickly the 
dermatitis or other cutaneous disturbance 
a matter primarily of education 


Early detection, again, is 


education of the individual employee 
to report early, education of the supervisors of departments to observe 
carefully and to report any of their workers who are affected, education 
of the medical department and of the management in the necessity of 
periodic medical check-ups. Such an effort can be concentrated in those 
departments where a survey has indicated that the nature of the 
materials handled suggests the possibility of cutaneous disturbance 
karly detection requires more than simply reporting 


It also requires 
a competent medical personnel able to recognize the cutaneous disturb- 
ance reported, aware of the possibility of occupational origin, and 
conscious of the need of making use of consultants if the condition and 
its cause seem obscure. 


PROPER TREATMENT 


When the worker has reported to the infirmary or first aid room 
and his disturbance has been properly diagnosed, and perhaps the causal 
factor determined, proper treatment becomes important in preventing 
further disability. Self treatment must be discouraged, since such 


: treatment may extend or prolong the disease and the disability. The 
i worker who presents a dermatitis must be observed throughout the 
i period of his disease, so that treatment may be changed as indicated 
. to provide the earliest possible recovery. Emphasis should be laid on 
{ the importance of using mild and soothing treatment at the onset of a 
: dermatitis. Disability has often been prolonged by too strong treatment. 


It should be remembered that the longer the condition has existed, the 
greater the number of recurrences or the greater the extension, in 
general the more resistant to early improvement the disease will be. 
If this is realized, it will be more possible to avoid using several methods 
of treatment rapidly without sufficient time for any one of them to 
exert much effect. On the other hand, irritation produced by any form 
of treatment constitutes an indication to stop that particular treatment 
and shift to some other therapy 

In many industrial dispensaries it would be well if there were a 
small separate dermatologic formulary or a closet in which preparations 
for cutaneous diseases could be maintained. 
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For the nurse or first aid person to use as initial treatment until 
an adequate diagnosis has been made, the following formulary would 
serve a useful purpose and avoid the use of unknown proprietary 
remedies and home treatment: 

Boric acid solution N. F. (about § per cent) 

Boric acid powder 

Boric acid ointment U. S. P. or 12 per cent boric acid in white petrolatum 
\luminum acetate solution N. F. ( Burow’s solution) or powder or tablet 
Potassium permanganate tablets N. F., 5 grains (0.32 Gm.) 

Zinc oxide ointment U. S. P. 
Plain white petrolatum 

lodine tincture 2 per cent 
Benzalkonium chloride solution U 

1: 1,000 [tinted] ) 
Methylrosaniline chloride U. S 500 to 1:1,000) (2 

gentian violet medicinal ) 


1,000) (tincture zephiran® chloride 


per cent aqueous 


Calamine lotion U. S, P. 
Calamine liniment N. F. 


Borated talcum powder 


After the initial visit, other treatment deemed necessary can be 
prescribed by the physician in attendance or the dermatologist in 
consultation. 

COMPLICATIONS 


The complications that occur are primarily of two types, i. e., those 
occurring in the course of the disease itself and those resulting from 
treatment. The complications of a disease that presumably is of occupa- 
tional origin may occur in several ways: 1. A relatively frequent 
complication is a secondary pyogenic infection, often very mild. Such 
infection occurs frequently because of the excoriation of diseased areas 
and may be avoided by paying more attention to the relief of itching, 
as well as by emphasizing self control in the avoidance of scratching. 
Infection may also be due to careless technic on the part of the patient 
or his attendants. Infection once developed should be treated with proper 
antiseptics to limit disability if possible, but with due regard to possible 
further irritation from the antiseptics selected for use. 

2. Another cutaneous disease may develop and coexist with the 
occupational dermatosis. In the case of a dermatitis of the hands, for 
example, it is perfectly possible that pityriasis rosea may develop on 
the body during the course of treatment and be entirely unrelated to 
the original disease. 


3. The occupational condition of the skin may be complicated by 
an intolerance of the skin to other agents, perhaps to soap, to wool, 
to climatic factors, to food. 
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4. Factors which produce hyperemia (perhaps sun, perhaps over- 
heating) may also produce further exaggeration of a disturbance in 
affected areas. 

5. Complications may also be produced by the materials used by 
the affected employee in carrying out his hobbies. 

6. In the same way agents used by the employee in doing work 
about his home or secondary minor occupations may be a factor. 

It is therefore advisable that a careful investigation be made 
concerning such possibilities if there is any extension or alteration in 
the cutaneous manifestations. 

Complications resulting from treatment, or perhaps overactive 
treatment, are a most important factor in producing or prolonging 
disability. Each individual patient with an occupational dermatitis 
needs to be under careful periodic observation of his physician in order 
that this complicating factor may be quickly recognized and handled 
properly. Such complications may be minimized by the use of relatively 
soothing agents, by frequent examination and by alteration of therapeutic 
measures as seems indicated. It is well to avoid, in acute conditions 
especially, the use of such agents as mercurial preparations, iodine, local 
sulfonamide applications, penicillin and streptomycin ointments, salicylic 
acid, preparations containing local anesthetics of the . . . caine group, 
etc. The patient should be instructed to report immediately if there is 
any acute exacerbation, even with the use of apparently soothing agents. 
He should, of course, be cautioned about the use of so-called home 
remedies 

The earmarks of such complications are usually increased itching 
or burning, perhaps increased discharge and rather rapid extension 
over surrounding areas, with increased redness and perhaps vesiculation. 
New therapeutic agents should often be confined to a small area at first 
and perhaps applied in a weaker strength than is planned for 
ultimately. 

Familiarity on the part of the physician with the common cutaneous 
diseases and a knowledge of the expected course of the particular 
disease will be of great aid in determining the appearance of compli- 
cations and their management. In other words, experience in cutaneous 
disease and therapy is a very essential factor. 


FOLLOW-UP 


OF 


DISABLED 


PERSON NEL 


Lhe follow-up of disabled personnel at home, perhaps by the factory 
nurse, is often important in limiting disability. Only in such a way, 
in numerous instances, can the physician be sure that the patient reports 


for medical attention at proper times, that treatment is properly 
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applied at home, that possible irritating self treatment is not being 
used and that the patient is not remaining away from work after the 
condition has cleared sufficiently 


PREVENTION OF FALSE CLAIMS 

In discussing the prevention of occupational dermatoses it seems 
advisable to give some consideration to the matter of preventing false 
claims being made against an employer because of cutaneous disturb- 
ances of supposedly occupational origin. It is often extremely difficult 
to decide whether a dermatitis is caused by a substance with which the 
patient has come in contact within the factory or some substance at 
home or outside working hours. For example, a workman may claim 
compensation because of dermatitis, impetigo, scabies or some one of 
the many diseases of nonoccupational origin which he, the workman, 
considers he contracted while at work. The remedy, of course, is an 
accurate diagnosis by competent authority at the earliest possible 
moment in order to forestall any such claim. A careful, detailed history, 
especially with regard to suspicious outside contacts, an adequate 
knowledge of skin disease on the part of the physician, failure of the 
patient to improve when away from his job, and possibly patch tests 
will be of value in denying claims for nonoccupational disease. 

There is another group of workmen whose disability has been 
prolonged beyond the usual period of action of the original occupational 
factor. This prolongation may be the result of a complication of treat- 
ment; it may be due to the actual onset of some other common skin 
disease, or it may be a desire on the part of the workman to have a 
somewhat longer vacation. In some states complications of the occupa- 
tional disease may be compensable, and thus claims may be made for 
a long period of disability. Close observation of the individual case, 
careful follow-up and accurate diagnosis should aid in the detection of 
any false claims of this type. 

Third, there may be a few cases of malingering in which a person 
literally produces alterations on his skin in order to avoid work and 
obtain compensation. Such cases fortunately are unusual, for they are 
often difficult to detect. A good knowledge of dermatology is often 
necessary to recognize the self-inflicted lesion. Experience is a great 
aid in recognizing that such lesions are not the usual primary or 
secondary dermatologic lesion. The general appearance of the patient 
and the site and type of lesions must be carefully studied.» Suspicion 
is often aroused by a patient who eagerly explains his injury or his 


theory of the cause of the eruption, or by a patient who is extremely 


reticent in answering questions. The lesions are apt to be bizarre, and 
they are located in areas which usually correspond to right or left 
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handedness. If some type of occlusive dressing can be applied and 
the patient carefully watched, there should be quick healing of old 
lesions and a cessation of new ones. A psychiatrist may be of some 
help in certain instances. 


CONCLUSIONS 

In the prevention of cutaneous disease due to occupation there is 
need for a-careful survey of the individual industry and the adoption 
of a coordinated plan of prevention 

Much can be done in the prevention of disease by attending to such 
details as the elimination of hazards, the selection of personnel, edu- 


cation of personnel, the provision of physical safeguards, routine 


inspections, an enforcement program, a.safety committee, etc. 

Furthermore, much can be accomplished in the way of limiting 
the period of disability by early detection of cutaneous disturbances, 
by proper therapy, by prevention of complications of disease and of 
therapy and by follow-up of disabled personnel. 


416 Marlborough Street. 
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ENVIRONMENTAL CANCER HAZARDS CAUSED BY 
INDUSTRIAL AIR POLLUTION 


Introductory Comment to the Discussion 


W. C. HUEPER, M.D. 
Chief, Cancerigenic Studies Section, National Concer Institute 
BETHESDA, MD 


N APPRECIABLE number of recognized or suspected occupational 
cancers are probably caused by inhalation of certain cancerigenic 
chemicals in dust, fumes, vapors, mists or gases (figs. 1 and 2). Many 
of these industrial agents are also introduced into the air while they are 
being used or released as waste products. Because the minimal effective 
cancerigenic dose of almost every one of these agents is yet to be estab- 
lished, the possible, even the probable, existence of cancer hazards 
resulting from pollution of the environmental air by chemicals represents 
an appropriate subject for those taking part in this conference to consider. 
With the exception of soot as a possible cause of cancer of the lung 
and cancer of the scrotum, cancer-producing factors polluting the 
environmental air have only rarely been considered or investigated in 
connection with cancer in man. Studies of this problem which render 
valid evidence are difficult, complex and time-consuming. There is small 
wonder, therefore, that at present all available data on this matter have 
suggestive value at best, and most are mere speculation. 


Some years ago Green alleged that the sulfur dioxide released during 
the burning of coal and the smelting of ores is the cause of an excessive 
incidence of cancer among population groups exposed to the fumes. On 
the other hand, Stephens blamed carbon monoxide, which was introduced 
into the atmosphere from domestic and industrial sources, for causing 
cancer in certain workers and the general population. These claims have 
little, if any, basis in fact. 


Much more substantial, however, is the evidence in regard to other 
industrial products (table). There can be no doubt that products of the 
combustion and fractionation of coal, such as soot containing cancer- 
igenic tar, tar fumes, pitch and tar dust are polluting the environmental 
air from various sources and at many places. Similarly, combustion 
products and processed fractions of mineral oils, shale oils and natural 
gas are released into the air as domestic or commercial soots and fumes, 

Read at the United States Technical Conference on Air Pollution, May 3 to 5, 
1950. 
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Fig. 1.—The environmental cancer spectrum. 


environmental respiratory cancer 
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Fig. 2.—Fstablished and potential sources of 
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Environmental Cancerigenic Agents and Sites of Cancer 
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o- aminoazobenzene 
2 3-azotoluene 
azobenzene 
4-dimethyl-amino- 
benzene-l-azonapth 
thalene 
4-oxy-2:3-dimethyl- 
azobenzene 
2-acetylaminofluorene 
2-aminofiuorene 
Dibenzocarbazole 
4-dimethyl-amino 
azobenzene 
Fstrogenie compounds 
Stilbestrol 


Aliphatic compounds 
Chiorinated hydrocarbons 
Chloroform 
Carbon tetrachloride 
Diethylene glycol 
Carbamate derivatives 


Thiourea deriv 
Beryllium 
Selenium 


Liver 
Bladder 


Breast 


Uterus 
Hemopoletic tissue 


Liver 

Bladder 

Lung 

Thyroid gland 


Bone 
Liver 


Rat 
Mouse 


Mouse 

Rat 
Guinea pig 
Mouse 


Mouse 


Rat 
Mouse 
Rat 
Mouse 
Rabbit 
Rat 
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or may cover mineral particles escaping from cracking towers, thereby 
becoming a part of the constituents of smogs. Whenever production and 
waste disposal methods in aromatic amine operations are inadequate, 
dust, fumes and vapors of beta or alpha naphthylamine and benzidine 
may enter the air of the factory fume zone. The large scale use of 
arsenical dusts as pesticides and the long-continued and formerly uncon- 
trolled release of arsenicals with the waste fumes of metal ore smelters 
may have created potential cancer hazards in many regions. It may be 
wise to consider the possible existence of similar conditions for the 
population living near chromate factories, beryllium operations and asbes- 
tos mills. In recent years the potentiality of cancerigenic air pollution 
hazards in connection with many establishments in which radioactive 
material is produced, used or handled has become an important factor in 
their operations. 

Cancerigenic agents polluting the air may enter the human body by 
inhalation, cutaneous contact or ingestion. Exposure of the population to 
cancerigenic air pollutants, especially those of stable nature, may result 
from their subsequent incorporation into and contamination of drinking 
water, foodstuffs and soil. Cancers caused by cancerigenic air pollutants 
may affect not only parts of the respiratory tract, such as the lung or 
the nasal sinuses, but, depending on the nature of the agent and the type 
of exposure, may affect other organs, such as skin, bones, bone marrow 
and bladder. 

The future control of these potential hazards depends, first, on the 
reliable qualitative and quantitative demonstration of cancerigenic agents 
in the air around establishments producing or handling recognized or 
suspected cancerigenic agents; second, on thorough epidemiologic studies 
of cancer incidence in the population living in the fume or waste disposal 
zone of such plants; and third, on the subsequent institution of effective 
measures preventing further release of cancerigenic agents into the 
environmental air. 

To cope properly and speedily with this new health hazard from air 
pollution in the modern industrial environment, it is essential that indus- 
trial management, public health agencies and the medical profession be 
alerted to the problem and that they work together harmoniously in 
trying to solve it. 
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RESPIRATORY TRACT ALLERGIC EFFECTS FROM 
CHEMICAL AIR POLLUTION 


FRED W. WITTICH, MD. 
MINNEAPOLIS 


HILE you have asked me to introduce the subject of the allergenic 
effects of chemical pollution of air, | note that this is to be a 
technical conference on air pollution, and in my opinion any discussion 
of the principal subject must, of necessity, take in the entire field of 
offenders. First of all, it is extremely difficult to distinguish the effects 
of chemical pollution of the atmosphere from those of organic dusts 
and numerous other offenders. \s is already well known, air pollution 
producing allergenic effects on the respiratory tract is not confined to 
chemical contaminants which may be partially controlled by local 
measures. Actually, the organic material disseminated as fumes and 
particulate matter from the manufacture of linseed oil, lead pencils 
(cedarwood dust), cedar oil, castor oil, malt, paint, paper, stock feeds 
and soy bean products, as well as the dusts from cotton gins, feed mills, 
flour mills, seed mills, or where there is storage or handling of grains, 
are common causes of respiratory allergies 
Smuts are obligate parasitic fungi infesting wheat, corn, rye, oats, 
barley, sorghum and certain vegetables that abound in enormous quanti- 
ties in the great Northwest grain belt area 
According to Prof. E. C. Stakman, head of the division of plant 
pathology and botany in the University of Minnesota Department of 
\griculture, the corn smut in certain areas during the season of 1935 
reached 1,000,000 spores per square foot in 24 hours. Heald ' stated 
that spores of the stinking smuts or bunts of wheat may be numerous 
in mill dust, as a single smutted wheat kernel may contain 6,000,000 
to 9,000,000 spores. He also estimated that during the harvesting or 


threshing time in the wheat-growing district of the Palouse country 
of eastern Washington, 5,000,000 may fall on each square foot of soil. 
The “smut showers” begin in August, reach their maximum about the 
middle of September and then gradually subside. 


From the American College of Allergists 

Presented at the United States Technical Conference 
Washington, D. C., May 4, 1950 

1. Heald, F. D.: Manual of Plant Diseases, New York, McGraw-Hill Book 
Company, Inc., 1926; cited by Cargill Crop Bulletin, Minneapolis, Minn., March 25, 
1938, vol. 13, no. 3. 
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Minnesota plants approximately 10,000,000 to 15,000,000 acres of 
corn, oats, barley and wheat annually, while the Dakotas combined plant 
that much wheat alone.? Hennepin County, in which Minneapolis is 
located, planted 11,000 acres of wheat and twice as much corn. The 
heads of wheat blossom in Minnesota usually from June 22 to June 27, 
and the heads appear ripe after that, so that the harvesting time for 
this winter grain is between July 17 and July 23. At this time the 
infected or smutted heads commence to throw off the black smut spores 
in countless numbers. The spores are widely disseminated by the high 
dry winds which are quite common 


Smuts appear in large amounts near the grain storage centers in 
Minneapolis. The various grains are shipped near the city and samples 
sent for inspection. About the grain exchange more than 3,000 
workers are engaged in inspecting, sorting and conveying the grains, 
while thousands of workers are employed in the flour mills and grain 
elevators. Disastrous mill dust explosions have occurred. Most of the 
buildings are old and contain a great deal of mill dust and many molds. 
Smut spores are extremely combustible when beaten up into a dust 


because of their oily nature. Contact dermatitis is seen, as well as the 
atopic forms of skin allergy, perennial rhinitis and asthma, not only 
among those handling the grains but among those employed in nearby 
offices. Slides exposed for 24 hours inside the offices within 6 blocks 


of the grain exchange showed numerous grain smuts, rusts and other 
molds 


During late June and early July the loose smuts of winter wheat. 
barley, oats and grasses are in the air. The harvesting periods of 
\ugust and early September free the stinking smuts or bunts of spring 
wheat. After late July the corn smut appears. In the fall, when the 
corn is stacked and allowed to stand in the fields, the large smut balls 
are broken up and disseminated so that the corn smut spores are found 
in large numbers until snowfall. A survey made in 1937 showed a corn 
smut shower of 96,000 spores per square centimeter of surface area 
during a high west wind following several killing frosts. 


Smuts, therefore, appear in large numbers during and between the 
grass and weed pollinating seasons. They predominate numerically over 
the common air molds appearing at the same time. It would seem that 
they are responsible in part at least, as well as the common air molds, 7 


for some of the symptoms of hay fever and asthma occurring between 
and after the pollen seasons and for otherwise unaccountable exacerba- 
tions during the pollen seasons , 


Plant Disease Fungi, New York, The Macmillan Company, 
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Professor Stakman and [* reported the first case of respiratory 
allergy (asthma) due to inhalation of grain smuts in 1937. Since that 
time 24 per cent of the patients in a large allergy clinic in Minneapolis 
have been found to have respiratory allergies mainly due to sensitivity to 
grain smuts. This was proved by exposure, withdrawal and subsequent 
exposure. Minneapolis has 14 large flour mills, 17 feed mills (cutting 
condemned moldy grain for cattle consumption), 7 seed mills and 40 
separate elevator nests within the city limits. Most of the dusts from 
cleaning these grains are brought into the atmosphere through success 
ful ventilation, so that during those days when the elevators are being 
unloaded of grain and the grain manufactured into flour, respiratory 
allergies, particularly asthma, are greatly increased. Among the patients 
are clerks and stenographers in the loop district in Minneapolis, which 
is only 8 blocks from the milling district. These smuts are found, by 
every conceivable study conducted by me, including nitrogen determi- 
nations, immunologic studies and experimental production in animals, 
to be wholly or partially responsible for respiratory allergies in the 
Northwest area. This report covers a systematic, long range survey, 
which has been made for the past 17 years by me, of the common atmos- 
pheric mold fungi, smuts, rust and other allergens infesting the grains, 
and grain and “feed” mill dusts, including insects 

Specific offending allergenic agents, known as haptens, consist of 
conjugated proteins which result from the combination of proteins and 
numerous chemical substances. In allergic persons, sensitive to these 
chemical-protein combinations, symptoms may develop after exposure 
to a conjugate when they are not affected by either the chemical or the 
protein in the conjugate, alone. 

Likewise, numerous insecticides in common use have been shown to 
have allergenic specificity because of the chemicals employed with them. 
These conditions arise largely in areas where attempts are made to 
control plant infestation. The carrier for some of these insecticides was 
formerly silicon dust, which is definitely allergenic ; it is now unlawful to 
use silicon dust as a carrier, and this dust no longer is used for this 
purpose. A well known example is the situation arising in the area 
surrounding Wenatchee, Wash., where a large acreage is devoted to 
the apple industry. In this territory, Dr. L. FE. Hildebrand * has reported, 
insecticides sprayed from airplanes on orchard acreage not only have 
aggravated the troubles of asthmatic patients but have even been 
shown in some few cases to have caused asthma. The distributors 
reported that for vapor application by airplane “dilutes” of 

3. Wittich. F. W.. and Stakman, E. C.: Case of Respiratory Allergy Due to 
Inhalation of Grain Smuts, J. Allergy 8:189, 1937 
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4. Hildebrand, L. E.: Personal communication to the author 
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(2.8 L.) hexaethyltetraphosphate to 1414 gal. (55 L.) water were used, 
and for fog machine or Beskil aerosol the “dilute” consisted of 4 gal. 
(15 L.) hexaethyltetraphosphate to 46 gal. (174 L.) water. Another 
aerosol was tetraethylpyrophosphate, used at one-half the concentrations 
of hexaethyltetraphosphate. Tetraethylpyrophosphate with other related 


organic phosphates amounted to 50 per cent and inert phosphorus was 
expressed as elemental. 


Another insecticide commonly used in orchard areas is parathion 


(0,0-diethyl-o-para-nitrophenyl thiophosphate), a relatively new organic 


phosphate. DDT (2,2-bis[parachloropheny]]-1,1,1-trichloroethane) has 


also been used extensively in various concentrations ranging from 4 to 
34 per cent DDT. Combination dusts of DDT and tetraethylpyro- 
phosphate have been used extensively in both ground and plane applica- 
tion, as well as benzine hexachloride. 


\ll the aforementioned materials are irritating to the respiratory 
system, especially in the concentrated forms used. They may aggravate 
or initiate an attack of asthma, rhinitis, or an eczematous dermatitis of 
the contact type, as a nonspecific irritant acting as a “trigger” mechanism 
or as a specific chemical allergen. The hexaethyl and tetraethyl for- 
mulas affect the vision, and pilots have also had true asthmatic symptoms 
from inhaling these insecticides. Asthmatic patients of Dr. Hildebrand 
sought to have this spraying discontinued, and the matter was taken up 
with the United States Public Health Service, which took measures to 
have the use of these insecticides discontinued 


Harmless substitutes are 
hadly needed. 


\sthmatic attacks are not infrequently attributed to paradichloro 
benzene, naphthalene and camphor contained in other insecticides 

Skin tests, if standardized and correctly applied, frequently give reac- 
tions both by direct testing and by passive transfer. However, the way 
to prove their clinical importance is to determine the allergenic properties 
in these chemicals by exposure, subsequent withdrawal and reexposure. 

\mong furriers asthma is common. Whether the chemical com- 
monly used for dying furs—paraphenylenediamine—is the offender is 
\sthma due to tar is observed mainly among asphalt 
workers and employees in tar plants 


controversial. 


Specific hypersensitiveness to the 
fumes of burning wood, charcoal, kerosene and tobacco smoke is due to 
chemical allergens contained therein 


Chromic acid vapor has been reported as the cause of asthma in 


persons working with chromium plating.. Formaldehyde vapors can 
bring on an allergic reaction, and sulfuric emanations may cause such 
a reaction. Neoarsphenamine and other arsenical mists inhaled by 


physicians and nurses may cause asthma in the hypersensitive ones. 
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Asthma and rhinopathy specifically due to the inhalation of the 


“dust” of the synthetic chemicals chloramine-T (chlorazene) and hala 
zone, used as water disinfectants have been reported in 14 workers 
exposed to these chemicals 

Baker’s asthma may be caused by ammonium persulfate added to 
flour. Chlorine gas, used in aging flour, has produced asthma in some 
workers exposed to faulty or leaky apparatus 

Wood stains containing isoamy! alcohol have produced asthma in 
carpenters 

Some sheet steel mills use flaxseed to prevent the sheets from stick 
ing together when hot. Acrolein is produced, which has caused asthma 
in at least 3 ailergic patients 

Statistics of World War II show that there were 12 asthmatic persons 
per thousand among the veterans of the 18 to 35 age group. Included in 
this group were those with chronic asthma whose attacks were precipi- 
tated by exposure to long range air pollution due to chemicals present 
in the air in the region in which the men happened to be. The attacks 
of many of these could be controlled, with little cost to the government. 
by effective zoning 

The Donora catastrophe is another striking example of local aggra 
vation of asthma (with a number of deaths reported), caused by fumes 
emanating from steel, chemical and other manufacturing plants under 
conditions favorable for its concentration 

Also, the increasing “smog” over Los Angeles, due to the rapid 
growth of the city’s industries, is now being recognized as a real menace 
to the rapidly increasing population, and a three way investigation con 
cerning this dangerous pollution of the atmosphere, which is now causing 
symptoms, 1s under way—local, federal and state 

The exact nature of the allergenic components of these organic dusts 
requires clarification and a long range program of chemical and protein 
studies. Many of these antigens are composed of complex proteins of 
high molecular weights, while the active antigen in ragweed pollen has 
been shown to have complex polypeptides. From the standpoint of pure 
science it may be desirable to determine what chemical factors in this 
linkage with proteins are responsible. This is of academic interest 
rather than of practical clinical value, since it is the complex combination 
which is responsible for the symptoms in the allergic patient. This con- 
clusion is based on individual investigations, which included consultations 
with botanists, plant pathologists, physiologists, immunologists and 
chemists. 

It seems that the best method of controlling this increasing pollution 
of the air would be to draw up a committee of scientists from the larger 


cities and manufacturing centers, comprised of specialists and their 
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staffs in all the fields involved, particularly of chemists and biologists, to 
cooperate and make a long range systematic survey. Each of these seg- 
ments would have a local fact-finding board, which at intervals would 
hold a joint cooperative conference with these scientists and representa- 


tives of industrial plants and those representing labor, for the purpose 


of implementing legislation. The state or federal laws should include 
reasonable measures for control, such as minimum ventilation require- 
ments, factory controls of noxious vapors and dusts, zoning, substitutions 
of harmless insecticides, et This will make America healthier and 
more alert for defense, both within its borders and without. 
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ACUTE AND CHRONIC TOXICITY OF SOME HALOGENATED 
DERIVATIVES OF METHANE AND ETHANE 


DAVID LESTER, Ph.D. 
AND 


LEON A. GREENBERG, Ph.D 
NEW HAVEN, CONN 


N 


methane and ethane have been synthesized and introduced into 


RECENT vears a number o uorine-chlorine derivatives of 
RECENT r ber of fluor I 


industrial use as refrigerants and as aerosol propellents. The possible 
usefulness of fluorinated hydrocarbons as volatile anesthetics has also 
been considered. 

Data concerning the toxicity of these compounds are incomplete for 
some and entirely lacking for others 

Booth and Bixby * studied the effects of short exposures to various 
concentrations of dichlorofluoromethane and difluorochloromethane. They 
reported that concentrations of 4+ and 16 per cent by volume of the 


respective compounds caused toxic symptoms and that concentrations of 
20 and 49 per cent caused death 


Sayers, Yant, Chornyak and Shoaf * exposed animals daily to a con- 


centration of 20 per cent 


vy volume of dichlorodifluoromethane, known 
commercially as freon® or F-12. They observed only mild intoxication 
and tremors during the exposures and found no gross pathologic alter 
ations or persistent effects. Thev concluded, therefore, that this com- 
pound is practically nontoxic. Nuckolls* found no effects in 
exposed for 2 hours to a concentration of 20 per cent of this gas but did 
observe tremors at 30 per cent. 


inimals 


Nuckolls * reported that trichlorofluoromethane, known commercially 


as F-11, in concentrations of 4.5 to 5.1 per cent caused loss of coordina- 


tion; concentrations of about 10 per cent had definite toxic action. 


Animals exposed for 2 hours to 1,1-dichloro-1,2,2,2-tetrafluoroethane, 


F-114, at concentrations of 4 to 5 per cent were not affected. Yant, 


i From the Laboratory of Applied Physiology, Yale University 

1 footh, H. S., and Bixby, E. M Fluorine Derivatives of Chloroform 
Indust. & Engin. Chem. 24:637, 1932 

2. Sayers, R. R.; Yant, W. P.; Chornyak, J., and Shoaf, H. W Toxicity 
of Dichlorodifluoromethane, Report of Investigations 3013, United States Depart 
ment of the Interior, Bureau of Mines, 1930 


3. Nuckolls, A. H.: The Comparative Life, Fire and Explosion Hazards of 
Common Refrigerants, M. H. 2375. Chicago, Underwriters’ Laboratories, Inc., 1933 
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Schrenk and Patty * reported that incoordination and tremors occurred 
in animals exposed daily to a concentration of 15 per cent of 1,1-dichloro- 
1,2,2,2-tetrafluoroethane but that there were no permanent effects. 
Single exposures of 16 to 24 hours to 20 per cent resulted in tremors 
and convulsions and in death 3 to 7 days later 

Robbins ° investigated the anesthetic activity of 12 fluorinated deriva- 
tives of methane and ethane 
Not only are the data in the literature concerning the toxicity of 


dichlorodifluoromethane and trichlorofluoromethane incomplete, but the 


reported effects of exposures to the higher concentrations are difficult to 
interpret because of the low oxygen tensions prevailing in the atmos 
pheres to which the animals were exposed. There are no data regard 
ing the toxicity of 1,1-difluoroethane, 1,1-difluoroethylene, fluoroethylene 
and 1,2-dibromo-1,1-difluoroethane. Only the anesthetic concentration 
of I-chloro-1,1-difluoroethane has been reported. 

In the present investigation the acute and the chronic toxicity of 
1,1-difluoroethane (CH,CHF,; boiling point, — 24.7 C.) and 1-chloro- 
1,1-ditluoroethane (CH,CCIF,; boiling point, — 9.6 C.) were studied 
\dditional observations were made on the effects of short exposures to 
various concentrations of dichlorodifluoromethane (CCL,F,; boiling 
point, —- 29.2 C.), trichlorofluoromethane (CCI,F ; boiling point, +- 23.7 


C.), 1,1-difluoroethylene (CH,<=CF,; boiling point, —70 C.), fluoro 
ethylene (CH,—CHF; boiling point, 51 C.), and 1,2-dibromo-1,1- 


difluoroethane (CH,BrCBrF,; boiling point, + 93.5 C.).° 


METHODS 


lhe experimental animals used were adult white rats. For short exposures 

individual animals were placed in an airtight glass chamber of approximately 

11 L. capacity, which was connected to a mercury manometer, an evacuating 


pump, a rubber bag containing oxygen and a rubber bag containing the gas being 
tested. Any desired concentration of the gas up to 80 per cent by volume and a 
concentration of 20 per cent of oxygen could be quickly attained, so that the 
animals were not deprived of adequate oxygen, The liquid compound was volatilized 
within the chamber by electrically heating a beaker containing the appropriate 
amount of the compound 

In all tests of acute toxicity the maximum exposure was 30 minutes unless 
otherwise stated The carbon dioxide produced by the animals was removed 
by soda lime, and the oxygen utilized was automatically replenished by means of a 
small water valve connecting the chamber with the bag of oxygen 


P.; Schrenk, H. H., and Patty, F. A.: Toxicity of Dichlorotetra- 
fluoroethane, Report of Investigations 3185, United States Department of the 
Interior, Bureau of Mines, 1932 
Robbins, B. H.: Preliminary Studies of the Anesthetic Activity of 
Fluorinated Hydrocarbons, J. Pharmacol. 86:197, 1946 
6. The C, derivatives were supplied by the General Chemical Division of the 
\lhed Chemical & Dye Corporation, New York 
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Immediately after the animal was removed from the gassing chamber, the 
activity of three reflexes was observed. The disappearance of the following postural 
reflex was taken as definite indication of moderate intoxication \ normal rat 


held up by the tail and brought near a surface spreads and extends its legs and 


hyperextends its neck. Disappearance of the righting reflex was taken as corre 
h 


sponding to severe intoxication; disappearance of the corneal reflex, as correspond 
ing to deep anesthesia 

Che chronic toxicity of the various compounds was studied by exposing groups 
of animals for 16 hours daily to inhalation of the desired concentrations of the 
compounds in an airtight, steel gassing chamber of 1,180 L. capacity Throughout 
all the chronic exposures the carbon dioxide produced by the animals was 
absorbed by soda lime, and the concentration of oxygen was maintained at about 21 
per cent by continuous admission of oxygen. The air in the chamber was circulated 
by an electric fan 

At the conclusion of each series of repeated exposyres the surviving animals 


were killed and examined, as were those that died earlier All the organs were 


posure ( noentrattons 


methane 


Concentration 
of Vapor, 
per Cent Righting 
by Vol Retlex 


20 


examined grossly for pathologic changes, and sections of lung and liver 


pared and examined microscopically 


RESULTS 

Acute Toxtcity——Rats were exposed acutely to concentrations of 
dichlorodifluoromethane (CCI,F,) ranging from 20 to 80 per cent by 
volume. The effects observed are shown in table | \s reported by 
Nuckolls,* there were no observable effects at 20 per cent. Muscular 
twitching and tremors were observed at concentrations of 30 and 40 
per cent. At 70 and 80 per cent the corneal reflexes were absent and 
the animals in deep anesthesia. [ven the highest concentration was not 
lethal. A few animals were exposed to concentrations of 80 per cent 
for 4 and 6 hours. The effects were similar to those on 30 minute 
exposure, and the animals appeared to suffer no permanent effects 
Because of the high concentrations of this compound necessary to cause 
severe toxic symptoms, it has been classified as a practically nontoxic 
gas. That it is not entirely without toxic effects at the lower concen- 


trations, however, is apparent 
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Rats were exposed acut@ly to concentrations of trichlorofluoro- 
methane (CCI,F) ranging from 5 to 50 per cent by volume. The 
observed effects are summarized in table 2. While a concentration of 
5 per cent caused no symptoms of intoxication, 6 and 7 per cent pro- 
duced mild intoxication, 8 per cent moderate intoxication and 9 per cent 
complete unconsciousness. Ten per cent was lethal in 20 to 30 minutes, 


Taste 2.—Effects of Acute Exposure to |’ arious Concentrations of 


Trichlorofluoromethane (CCLF) 
Concentration 
of Vapor, 
per Cent Postural Rigbting Corneal 
by Vol Reflex Reflex Reflex Death 


+ + 


2 


Taste 3.—~Effects of Acute Exposure to Various Concentrations of 
1,1-Difluoroethane (CHsCHF,) 


Concentration 
of Vapor, 
per Cent Postural Righting Corneal 
by Vol. Reflex Reflex Reflex Death 


10 + + oe 


20 + + 


15 per cent killed all animals in approximately 8 minutes, 20 and 30 
per cent killed in about 4 minutes and 50 per cent in 1 minute. 


Rats were exposed acutely to concentrations of 1,1-difluoroethane 
(CH,CHF,) ranging from 10 to 55 per cent. The effects observed are 
shown in table 3. Symptoms of intoxication did not appear until the 


animals were, exposed to 20 per cent. Deep anesthesia occurred at 45 


per cent, an observation similar to those of Robbins ° with 1,1,1-trifluoro- 


ethane. Exposures to 50 and 55 per cent were lethal in from 10 to 


25 minutes. -At concentrations of 40 per cent or higher there was con- 
£ 


siderable effusion of fluid from the respiratory tract, indicative of acute 
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irritation of the lungs. Thus, although anesthesia is a predominant 
feature in death due to acute effects of this compound, severe pulmonary 
irritation is also a factor. 

The effects of acute exposure to 1-chloro-1,1-difluoroethane (CH, 
CCIF,) in concentrations of 15 to 80 per cent are shown in table 4. 


Although slight intoxication was apparent on exposure to 15 per cent, 
the postural reflex did not disappear until the concentration reached 
20 per cent. Unconsciousness occurred at 30 per cent and death at 50 


TasLe 4.—Effects of Acute Exposure to Various Concentrations of 
1-Chloro-1,1-Difluoroethane (CHsCCIF,) 


Coneentration 
of Vapor, 
per Cent Postural Righting Corneal 
by Vol. Reflex Reflex Reflex Death 4 


UB. es + + on 


Taste 5.—Effects of Acute Exposure to Various Concentrations of 
1,1-Difluoroethylene (CHi==C 


Concentration 
of Vapor, 
per Cent Postural Righting Cornea! 
by Vol. Reflex Reflex Reflex Death 


+ 


+ 
| 


per cent. The concentration producing anesthesia was the same as that 

found by Robbins*® in mice. As with 1,1-difluoroethane, effusion of 

fluid from the respiratory tract occurred on exposure to concentrations of 
30 per cent or higher, indicating severe pulmonary irritation. 

Rats exposed to concentrations of 10 to 80 per cent of vinylidene 

, fluoride (table 5) lost none of the reflexes named although at 40 per 

cent or more slight intoxication was noted, which became more definite 

at 80 per cent, when there was unsteady gait but no loss of the postural 

- reflex. Some rats were kept at 80 per cent for 19 hours with no 

further progressive signs of intoxication. These animals were killed with 

carbon monoxide and on autopsy showed no evidence of pulmonary 

irritation. 
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The acute effects of vinyl fluoride are given in table 6. Before the 
postural reflex was lost at 60 per cent, the rats were slightly intoxicated 
at 30 per cent with evidence of hindleg instability. At 80 per cent the 
animals were dyspneic, but they recovered fully after breathing room 
air for 1 minute. Some rats were kept at 80 per cent for 12% hours, at 
which time the corneal reflex was still present. These, too, recovered 


their reflexes immediately on being removed to room air. The rats were 


killed with carbon monoxide and their lungs showed no evidence of 
irritation. 


Tare 6.—Effects of Acute Exposure to Various Concentrations of Fluoroethylene 
CH.=CHF 


Coneentration 


of Vapor, 
per Cent Postural Righting Corneal 
by Vol Reflex Reflex Reflex Death 


Taste 7.—Effects of Exposure to Various Concentrations of 1,1-Difluoro- 
1,2-Dibromoethane (CH:BrCBrF:) 


Concentration 
of Vapor, 
per Cent Postural Righting Corneal 

by Vol. Reflex Reflex Reflex Death 


0.1 4 


+ 


The effects of 1,1-difluoro-1,2-dibromoethane were determined on 


single exposures of 18 hours and are listed in table 7. No effect was 


observed at a concentration of 0.1 per cent. At 0.25 per cent the postural 


reflex was lost, and at autopsy the rats had slight hyperemia of the 


lungs. Rats exposed to 0.5 per cent and 1.0 per cent for 18 hours died ; 


these animals showed pulmonary congestion. Exposure to 1.0 per cent 


for 4 hours resulted in the death of 1 out of 3 rats; the dead rat had 


congested lungs. One of the remaining 2 rats, alive but unconscious, 


was killed and showed slight congestion. The remaining rat was killed 


24 hours later and showed no pulmonary damage, a result indicative of 


recovery of the damaged tissue. Rats exposed to concentrations of 2 to 
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5 per cent for periods up to 2 hours died in 44 to 2 hours, and if alive 
on removal died in 1 to 24 hours with severe pulmonary hemorrhage. 
With this compound the time for recovery of reflexes was 1 to 3 hours. 

Chronic Toxicity —Eight rats were exposed to a concentration of 10 
per cent of 1,1-difluoroethane for 16 hours daily for 2 months. No signs 
of ill health were apparent at any time. At the conclusion of the 
exposures the animals were killed and autopsies made. Gross examina- 
tion of the organs revealed no pathologic changes. On microscopic 
examination sections of the livers appeared normal. In the lungs of 5 
rats there was a mild diffuse infiltration of small and large round cells 
suggestive of mild chronic irritation. 

Ten rats were exposed to a concentration of 10 per cent of 1-chloro- 
1,1-difluoroethane for 16 hours daily. All the animals died within 9 
exposures ; 6 died in 7 days, 2 in 8 days and 2 in 9 days. At autopsy 


TaBLe 8.—Anesthetic Effects of the Compounds Tested 


Concentration of Vapor, 
per Cent by Volume 
Causing Causing 
Complete Respiratory 
Compound Anesthesia Failure 
= CF: 
CH: = CHF.. 
CClePe. 
CHsCHPF:.. 
CHsCClPs 
CClaF... 
CHeBrCBrPs 


all were found to have extensive consolidation and hepatization of the 
lungs, indicative of severe irritation. The other organs appeared normal. 
Five rats were then exposed to a concentration of 1 per cent of this com- 
pound for 16 hours daily for 2 months. No signs of ill health were 
apparent at any time. Gross examination of the organs on autopsy at 
the conclusion of the exposures revealed no pathologic changes. Micro- 
scopic examination of the lungs showed in 2 animals a mild diffuse 
round cell infiltration, suggesting chronic irritation of the lungs. Sec- 
tions of the livers appeared normal 

In studying the toxicity of the present compounds pulmonary irrita- 
tion, depression of the central nervous system and hepatic injury 
received particular consideration. These effects have been observed 


frequently in poisonings by a number of halogenated hydrocarbons 


In the short exposures the effect of all the compounds was pre- 


dominantly that of narcosis, as evidenced by the successive disappearance 
of the various reflexes with increasing concentrations of the vapors, 
culminating in respiratory failure. The relative anesthetic potency of 
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each of the compounds may be judged from the summarization of data in 
table 8. It is obvious that none of these compounds is suitable as an 
anesthetic. Dichlorodifluoromethane causes marked tremors at sub- 
anesthetic concentrations. The margin between the anesthetic and the 
lethal concentration of trichlorofluoromethane is extremely small. Some 
of the ethane derivatives are pulmonary irritants. Anesthesia was not 
induced with vinyl or vinylidene fluoride even at 80 per cent. 

Although irritation of the pulmonary tract by 1,1-difluoroethane and 
1-chloro-1,1-difluoroethane was apparent in the short single exposures 
only near anesthetic concentrations of the vapors, prolonged repeated 
exposures yielded evidence of irritation at considerably lower concentra- 
tions. Thus, at concentrations causing no intoxication 1,1-difluoroethane 
induced some indication of lung irritation and 1-chloro-1,1-difluoroethane 
caused fatal injury of the lung. 

A number of halogenated hydrocarbons are conspicuous toxico- 
logically for their damaging action on the liver, particularly after pro- 
longed or repeated exposures. Prolonged exposure to a concentration of 
carbon tetrachloride as low as 0.04 per cent may result in serious damage 
to the liver. In the present investigation none of the compounds studied 
caused any observable lesions of the liver. Since the concentrations of 
vapor used in these studies were considerably higher than the toxic 
concentration of carbon tetrachloride, it has been concluded that these 
compounds, unlike some other halogenated hydrocarbons, are not liver 
poisons. 

From the data obtained in the present investigation the following 
values are suggested as the maximum allowable concentrations for single 
short exposures of human beings: 


Compound Concentration, per Cent by Volume 
CH,=CF; 
CChF; 20 
CH.=—CHF 20 
CH;CHF, 15 
CH,CCIF, 10 
5 
CH.BrCBrF, 0.1 


In arriving at these values the limiting factor is, in the instance of 
the second compound, the occurrence of tremors, and in that of each of 
the remaining compounds, the appearance of symptoms of intoxication. 
The maximum allowable concentration of 1-chloro-1,1-difluoroethane was 
taken to be less than that of 1,1-difluoroethane mainly because the 
intensity of its intoxicating effects increases much more sharply with 
increasing concentration and because it is more irritating than 1,1-di- 
fluoroethane. 
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In evaluating allowable concentrations of 1-chloro-1,1-difluoroethane 
and 1,1-difluoroethane for prolonged exposures, intoxication as a limiting 
factor is replaced by pulmonary irritation. In such exposures, further- 
more, the difference between the effects of the two compounds becomes 
more striking. Thus, prolonged daily exposure to a concentration of 10 
per cent of 1,1-difluoroethane for 2 months results only in a suggestion 
of mild irritation of the lungs; exposure to a similar concentration of 
1-chloro-1,1-difluoroethane causes fatal pulmonary injury within several 
days. On the basis of the facts obtained, maximum allowable concentra- 
tions of 10 and 1 per cent are suggested for 1,1-difluoroethane and 1- 
chloro-1,1-difluoroethane, respectively, in prelonged exposures. _ 

If the data obtained are arranged as in table 9, it js seen that the con- 
centration of the vapor needed to attain a specified degree of intoxication 
generally decreases as the boiling point increases. Robbins * noted the 


Tasie 9.—Correlation of Effects and Boiling Points of Compounds Tested 


Loss of Reflex at Stated Vapor 
Vol. per Cent 
‘ompound Point, ©. Postural 
‘He = CPs 
‘He = CHF 
Cla Fs..... 
‘HaCHF: 
‘HaCClPs 
‘ClaF..... 
"HeBrCBrPs... 


Righting Corneal 


>s0 


same effect with the compounds he studied. These compounds and those 
of Robbins are all relatively insoluble in water and are also probably not 
prone to any considerable metabolic alteration within the body. If it is 


then assumed that at the same concentration of any of the compounds in 
the blood the same effect will be produced, the increase in potency (as 


measured by a decrease in vapor concentration) with increase of boiling 
point can be explained by the differences in the distribution of the com- 
pounds between blood and air. It would be expected that the ratio of 
concentration in blood to concentration in air would increase as the boil- 
ing point increases, since at any temperature the vapor pressures, in 
general, of compounds are greater the lower the boiling point. Thus at 
room temperature the vapor pressure of 1,1-difluoroethylene is greater 
than that of dichlorodifluoromethane. If the vapor pressure is greater, 
less would be expected to be found in the blood. If, in order to obtain 
the same effect a certain concentration in the blood is necessary, the 
concentration in air of a compound like 1,1-difluoroethylene would have 
to be higher than that of dichlorodifluoromethane. Definitive proof of 
such a hypothesis would be found in a study of the distribution (blood 
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to air) and the concentration in the blood when a desired effect was 
obtained. Thus both the physiologic effect of a particular concentration 
of the compound in the blood and its vapor pressure determine the toxic 
effects from exposure to its vapor. 


SUMMARY AND CONCLUSIONS 


The effects of inhalation of dichlorodifluoromethane (CCI,F,), 
trichlorofluoromethane (CCI,F),  1,1-difluoroethane (CH,CHF,), 
1-chloro-1,1-difluoroethane (CH,CCIF,}\, 1,1-difluoroethylene (CH,— 
Ch), fluoroethylene (CH,=CHF), and 1,1-difluoro-1,2-dibromoethane 
(CH,BrCBrF,) were studied in rats. 

All of the compounds with the exception of vinyl and vinylidene 
fluoride are anesthetic. 

1,1-difluoroethane, 1-chloro-1,1-difluoroethane and_ 1,1-difluoro-1,2- 
dibromoethane are pulmonary irritants. 

No damage to the liver was observed from inhalation of these com- 
pounds. 

The toxic effects of the compounds are discussed in relation to their 
boiling points. 


52 Hillhouse Avenue. 
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TOXICITY OF THE TETRACHLORODIFLUOROETHANES 


LEON A. GREENBERG, Ph.D. 
AND 


DAVID LESTER, Ph.D. 
NEW HAVEN, CONN 


N ANOTHER publication we described the effects of inhalation 

of five halogenated ethane derivatives. Since then we have inves 
tigated the toxicity of the two tetrachlorodifluoroethanes, 1,1,1,2-tetra 
chloro-2,2-difluoroethane (CC1,CCIF,)* and 1,1,2,2-tetrachloro-1,2- 
difluoroethane (CC1,FCC1,F).° Both compounds are colorless solids ; 
the asymmetric compound melts at 40.6 C and boils at 91.5 C., while 
the symmetric one melts at 24.65 and boils at 92.8. There are no 


data in the literature concerning the toxicity of either compound 


METHODS 


Adult white rats were used as experimental animals. In the feeding experi 
ments the melted compounds were administered by stomach tube. Animals were 
exposed to various concentrations of the vapors for short periods in the small glass 
chamber previously described.' The desired concentration was obtained by rapidly 
evaporating the proper amount of the compound from a small electrically heated 
vessel inside the chamber, where a small fan distributed the vapor rapidly 
throughout the chamber. Repeated prolonged exposures were carried out in the 
steel chamber previously described '; here, also, the desired concentration was 
obtained by evaporating the proper amount of the compound within the chamber. 

At the conclusion of each series of prolonged exposures the surviving animals 
were killed and autopsies made. Sections of lung and liver were prepared and 
examined microscopically for any pathologic changes 


RESULTS 


Oral Ingestion—Both compounds were administered in a dose of 
2 Gm./Kg. day for periods of 23 to 33 days. There was no pathologic 


change in any organ. Since both compounds are radiopaque, it was 


From the Laboratory of Applied Physiology, Yale University 


1. Lester, D., and Greenberg, L. A Acute and Chronic Toxicity of Some 
Halogenated Derivatives of Methane and Ethane, Arch. Indust. Hyg. & Occup 
Med., this issue, p. 335 


This compound was supplied by the General Chemical Division of Allied 
Chemical & Dye Corporation, New York 

3. This compound was purchased from Kinetic Chemicals, Inc., Wilmington 
Del 
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possible to observe qualitatively that littke was absorbed, since the 
compounds were evident throughout the gastrointestinal tract and 
feces. Since no damage of the liver was found, it may be concluded 
that either none of the compound was absorbed or that, if any was 
absorbed, the compound was not a liver poison, unlike the related 
carbon tetrachloride and tetrachloroethane. 

Inhalation.—1,1\,1,2-tetrachloro-2,2,-difluoroethane : Rats exposed for 
1% to 2 hours to a 1.0 per cent concentration of the asymmetric com- 
pound were slightly intoxicated but lost none of the reflexes described 
in our previous paper.’ At 1.5 per cent the corneal reflex was lost. 
Concentrations of 2.0 and 3.0 per cent were fatal in 1 to 2% hours. 
There was no evident pathologic change of the lungs. 

A group of 6 rats were exposed to a 0.1 per cent concentration of the 
vapor for 18 hours per day for 17 days. At the end of this time there 
was no pathologic involvement of lungs, liver or spleen. Five rats 
exposed to 0.5 per cent for two periods of 18 hours also showed no 
effects. Five rats exposed to 1.0 per cent for 21 hours were slightly 
intoxicated at the end of the exposure; they were killed and autopsies 
made, but there was no pathologic involvement of the lungs 

1,1,2,2-tetrachloro-1,2-difluoroethane: The symmetric compound 
produced intoxicating and anesthetic effects at the same concentrations 
as the asymmetric compound; however, many of the rats had various 
degrees of hemorrhage in the lungs. Two rats exposed to a 3.0 per 
cent concentration of the vapor died in 40 and 60 minutes with severe 
pulmonary hemorrhage. 

There was no evident effect in animals exposed to a 0.1 per cent 
concentration of the vapor for 18 hours per day for 16 days. Five rats 
exposed to 0.5 per cent for 18 hours were all unconscious when removed 
from the chamber. Two died within 4 hours and 2 within 36 hours 
after being removed from the chamber; one was killed immediately 
after its exposure. The lungs of all the rats were swollen and were 
extensively involved by hemorrhages. The same effects were observed 
when two more groups of 5 rats each were exposed to 0.5 and 1.0 per 
cent for 18 hours. The deaths at these concentrations are attributed to 
the injuries sustained by the lungs and not to the anesthetic effects of 
the compound. The symmetric tetrachlorodifiuoroethane is not non- 
toxic as advertised.* 

It is evident that the characteristics of neither compound render it 
suitable for use as an anesthetic. On the basis of the present data, the 


maximum allowable concentration for all exposures should probably be 
set at 0.1 per cent. 


4. Chem. Engin. News 26:3449, 1948 
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TETRACHLOR« 


GREENBERG-LESTER 
SUMMARY 


The tetrachlorodifluoroethanes show no toxicity when fed to rats 


in a dose of 2 Gm./Kg./day. 

The vapors of both tetrachlorodifluoroethanes are slightly intoxi- 
cating at a concentration of 1.0 per cent, anesthetic at 1.5 per cent, 
and rapidly fatal at 2.0 per cent and higher in exposures of short 


1,1,1,2-tetrachloro-2,2-difluoroethane, 


duration. 
The asymmetric compound, 
does not cause any pulmonary irritation in animals exposed to a con- 


centration of 0.1 per cent for 17 days, or 0.5 per cent or 1.0 per cent for 


18 to 21 hours, or 2.0 per cent and 3.0 per cent for shorter periods. 
The symmetric compound, 1,1,2,2-tetrachloro-1,2-difluoroethane, is 


a pulmonary irritant at concentrations of 1.0 per cent or more even for 

short exposures, and at 0.5 per cent it is fatal for an exposure of 18 hours, 
owing to pulmonary damage. Animals exposed to 0.1 per cent for 
16 days did not show any effects. 


52 Hillhouse Avenue. 
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THE TOXICITY OF SULFUR HEXAFLUORIDE 


DAVID LESTER, Ph.D. 
AND 


LEON A. GREENBERG, Ph.D. 
NEW HAVEN, CONN. 


NUMBER of fluorinated compounds have recently become avail- 

able commercially because of the large scale production of fluorine. 
One of these, sulfur hexafluoride, because of its extreme chemical 
inertness and other physical properties, is being successfully used as 
a dialectric for high voltage equipment. 

Sulfur hexafluoride is a colorless, odorless gas at ordinary tempera- 
tures. Although Schumb! commented on the inert nature of the 
compound, no data have been reported concerning the effects of its 
inhalation. We have therefore studied these effects, and the findings 
are presented here. 

METHODS 

The experimental animals were adult white rats. They were exposed to 
various concentrations of the gas in the glass chamber previously described by us.* 
Any desired concentration of the gas could be rapidly attained and maintained 


without depriving the animals of adequate oxygen and without accumulation of 


carbon dioxide 


Six rats were exposed to a 17 per cent concentration of sulfur 
hexafluoride for 18 hours. At no time during the exposure were any 
effects apparent. When removed from the gassing chamber the animals 
appeared perfectly normal and remained in good health thereafter. 

Three animals were exposed to a concentration of 80 per cent for 
2 hours. No indications of intoxication, irritation or any other distur- 
bances were observed either during the exposures or at any time there- 
after. 

Two animals were exposed to an 80 per cent concentration of sulfur 


hexafluoride for 23 hours \s in the 2 hour exposures, there were no 


indications of any effects of the gas during or following the exposures. 


From the Laboratory of Applied Physiology, Yale University 


1. Schumb, W. C Preparation and Properties of Sulfur Hexafluoride, 
Indust. & Engin. Chem. 38:421, 1947 

> Lester, D., and Greenberg, L. A Acute and Chronic Toxicity of Some 
Halogenated Derivatives of Methane and Ethane, Arch. Indust. Hyg. & Occup 
Med., this issue, p. 335 
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About 50 rats have been exposed to a mixture of sulfur hexafluoride 
(80 per cent) and oxygen (20 per cent) for periods of 16 to 24 hours 
without any effect. 

Rats exposed for many hours to an atmosphere containing the highest 
concentration of sulfur hexafluoride that can be attained without 
diminishing the supply of oxygen gave no perceptible indications of 
intoxication, irritation or other toxicologic effects. The compound itself 
appears to be pharmacologically inactive. That it is not hydrolyzed or 
otherwise altered in the body, with the formation of substances which 
might possibly have some toxic actions, is compatible with its known 
chemical inertness. A gas such as dichlorodifluoromethane (freon*® 12) 
is, from a practical point of view, considered nontoxic. Such a point 
of view is undoubtedly justified in the ordinary industrial uses of the 
compound, even though it causes intoxication and unconsciousness at 
high concentrations.? In contrast with such a substance, however, sulfur 
hexafluoride is without effect at the highest concentration attainable 
without excluding oxygen; from the data obtained it is considered to 
be pharmacologically inert in animals and man. 


SUMMARY 


The effects of inhalation of sulfur hexafluoride have been studied. 

Rats exposed for many hours to an atmosphere containing 80 per 
cent sulfur hexafluoride showed no effects. 

Sulfur hexafluoride appears to be a physiologically inert gas. 


52 Hillhouse Avenue. 
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THE TOXICITY OF SULFUR PENTAFLUORIDE 


LEON A. GREENBERG, Ph.D. 
AND 


DAVID LESTER, Ph.D. 
NEW HAVEN, CONN 


N A PREVIOUS publication’ we have shown that on inhalation 
sulfur hexafluoride (SF,) is a physiologically inert gas. In the 
production of this compound variable amounts of sulfur monofluoride 
(S,F,), sulfur tetrafluoride (SF,) and sulfur pentafluoride (S.F,,) 
are formed. Of these compounds, only sulfur monofluoride has been 
reported on as regards toxicity.* It was found to kill mice on 10 to 15 
minutes’ inhalation of a concentration of 1 per cent by volume. 

In the present investigation the effects of inhalation of sulfur penta- 
fluoride (boiling point, 29 C.) have been studied." 


METHODS 


The experimental animals used were adult white rats. For exposing individual 
animals and groups of animals to various concentrations of gas the small glass 


chamber and the large steel chamber previously described by us were used.‘ 


RESULTS 
Since we had, to begin with, no idea of the magnitude of the toxicity 
of sulfur pentafluoride, we exposed a number of rats to concentrations 
of the gas varying from 16 to 5 per cent. After a few minutes of 
inhalation of even the lowest of these concentrations the animals became 
extremely dyspneic, struggled, collapsed and promptly died. On autopsy 
the lungs of the animals were found to be extensively involved in hemor- 
rhages and the chest cavities filled with clear fluid. Examination of the 
blood revealed definite hemoconcentration and as much as 25 per cent 
methemoglobin and 7 per cent sulfhemoglobin. 


From the Laboratory of Applied Physiology, Yale University. 

1. Lester, D., and Greenberg, L. A.: The Toxicity of Sulfur Hexafluoride, 
Arch, Indust. Hyg. & Occup. Med., this issue, p. 348. 

Centnerzwer, M., and Strenk, C.: Preparation and Properties of Sulfur 

Fluoride, Ber. d. deutsch. chem. Gesellsch. 58B:914, 1925 

3. This compound was supplied by the General Chemical Division of Allied 
Chemical & Dye Corporation, New York 

4. Greenberg, L. A., and Lester, D.: Acute and Chronic Toxicity of Some 
Halogenated Derivatives of Methane and Ethane, Arch. Indust. Hyg. & Toxicol., 
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From these results it was obvious that the minimal toxic concen- 
tration of sulfur pentafluoride was of a much lower order of magnitude. 
An animal was therefore exposed to a concentration of 0.178 per cent 
of the gas. Death occurred in 1 hour, and autopsy revealed extensive 
hemorrhagic lesions of the lungs and considerable fluid in the chest 
cavity. 

Three rats were then exposed for 1 hour to a concentration of 0.001 
per cent or 10 p.p.m. On termination of the exposures 1 animal was 
killed and an autopsy made. The lungs contained multiple small diffuse 
hemorrhagic lesions. Twenty-four hours later the other 2 rats were 
killed, and the lungs appeared essentially normal. 

Three rats were exposed for | hour to a concentration of 0.0001 
per cent or | p.p.m. One animal was killed and examined immediately 
after the exposure and showed severe congestion of the lungs. The 
remaining 2 rats, 24 hours later, showed no pathologic condition of the 
lungs. 

Three .rats were exposed for 1 hour to a concentration of 0.00001 
per cent or 0.1 p.p.m. Pathologic changes of the lungs were not observed 
in 1 animal immediately after the exposure nor in the others 24 hours 
later. 

From these data it appears that in short exposures of 1 hour a 
concentration of sulfur pentafluoride of 0.1 p.p.m. has no toxic action 
while concentrations of 1 p.p.m. and 10 p.p.m. exert an irritating and 
corroding effect on the lungs. 

The effects of longer inhalation of air containing sulfur penta- 
fluoride in these low concentrations were then studied. Six rats were 
exposed to a concentration of 0.0001 per cent or 1 p.p.m. Within 16 
hours all the animals died. On autopsy the lungs of all were found to 
be extensively involved in hemorrhages and the chest cavities filled with 
fluid. 

Six animals were exposed for 18 hours to a concentration of 0.00005 
per cent or 0.5 p.p.m. All the animals survived. Three were killed and 
examined immediately after the exposure. The lungs of all showed 
large areas of hemorrhage, with extravasated fluid in the chest cavities 
The remaining 3 rats were killed 5 days later and autopsies made. The 
lungs of 1 animal appeared normal; the lungs of the other 2 contained 
large areas of consolidation. 

Six rats were exposed for 18 hours to a concentration of 0.00001 
per cent or 0.1 p.p.m. At the end of the exposure all were killed and 
autopsies made. The lungs showed only a generalized pinkness indica- 
tive of irritation. Microscopic examination of prepared sections of the 
lungs revealed no pathologic change 

Six rats were exposed for 18 hours to a concentration of 0.000001 
per cent or 0.01 p.p.m. All of the animals were killed and autopsies 
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made. No pathologic changes were discernible in the lungs, grossly or 
on microscopic examination ef prepared sections. 

It is obvious from these observations that sulfur pentafluoride is 
toxic in extremely low concentration. A concentration as low as 0.1 
ppm. resulted in irritation of the lungs, 0.5 p.p.m. caused frank 
lesions, and 1 p.p.m. was lethal. 

The toxicity of sulfur pentafluoride is due to its corrosive action 
in the lungs. That the substance itself is not a tissue irritant was 
evident from the fact that with none of the various concentrations and 
exposures was there any indication of irritation of the eyes or the 
nose. Its intense irritating effect in the lungs can be attributed only 
to the products of the hydrolysis that occurs there, such as hydrofluoric 
acid. In this respect its action is similar to that of the nitrogen oxides 
and phosgene. At low but lethal concentrations it does not irritate the 
upper respiratory tract and fails to set up defense respiratory reflexes ; 
thus it becomes insidiously dangerous 

The intensity of this toxic action of sulfur pentafluoride appears 
to be greater than that of phosgene; whereas a concentration of 
phosgene of | p.p.m. is given as the maximum allowable concentration 
for prolonged exposure,’ sulfur pentafluoride at this concentration is 
lethal, at one-half this concentration it causes serious damage to the 
lungs, and at one-tenth this concentration it causes irritation of 
the lungs. From these observations the maximum allowable concentra- 
tion of sulfur pentafluoride for man should probably be not greater 
than 0.01 p.p.m., a concentration which, in effect, practically excludes 
it from the atmosphere, 
SUMMARY 
The toxic effects occurring in rats exposed to sulfur pentafluoride 
for short and long periods have been studied. 

In short exposures of | hour a concentration of sulfur pentafluoride 
of 10 p.p.m. causes corrosion of the lungs, | p.p.m. causes irritation 
of the lungs, and 0.1 p.p.m. has no discernible toxic action. 

In exposures of 16 to 18 hours death occurred at a concentration 
of 1 p.p.m., severe lesions of the lungs at a concentration of 0.5 p.p.m., 
irritation of the lungs at a concentration of 0.1 p.p.m. and no discernible 
effects were present at 0.01 p.p.m. 

The injury of the lungs resulting from inhalation of sulfur penta- 
fluoride is explained by hydrolysis of the compound with formation of 
other compounds. Sulfur pentafluoride is therefore insidiously danger- 
ous and appears to be more toxic than phosgene. 


52 Hillhouse Avenue 


5. Henderson, Y., and Haggard, H. W Noxious Gases and the Principles 
of Respiration Influencing Their Action, American Chemical Society Monograph 
Series, no, 35, ed. 2, New York, Reinhold Publishing Corporation, 1943 
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News and Comment 


GRANTS FOR ENVIRONMENTAL CANCER RESEARCH 


The Committee on Growth of the National Research Council, adviser for 
research to the American Cancer Society, announces the formation of a panel on 
environmental cancer with the following membership: Dr. Willard Machle, chair- 
man, Dr. Francis Heyroth, Dr. George H. Gehrmann, Dr. Herman Lisco and 
Dr. Norton Nelson. Increasing realization of the importance of further research 
respecting environmental cancer led to the creation of this new panel, which 
at the outset will concern itself with an evaluation of the status of knowledge 
in this field and with the formulation of criteria by which to establish valid 
relationships between environment and occupation and the occurrence of cancer 
The panel also will review applications for grants in support of research in these 
areas. These applications, as with others submitted to the Committee on Growth, 
will be received until October 1. Communications regarding grants may be 
addressed to the Executive Secretary, Committee on Growth, National Research 
Council, 2101 Constitution Avenue, N. W., Washington 25, D. C. 


PROBLEMS OF INDUSTRIAL HYGIENE IN THE PHILIPPINE ISLANDS 


Dr. Fernando D. Manalo, F.P.C.S., medical director of the Benguet-Baltoc 
Mining Company, a gold mining company in Baguio, P. L., has stated that the most 
important industrial problem in the Philippine Islands 
affects 20 per cent of the population 


is tuberculosis, which 
Services for the diagnosis, treatment and 
control of the disease are badly needed. There is only one tuberculosis sanatorium 
in the entire country. Public health education is likewise a problem. Industrial 
health services are at a low ebb in the Philippines, especially since the end of 
World War II, as much of the equipment and facilities were destroyed. Dr. Manalo 
stated that there is a lack of interest among industries in developing industrial 
health programs and expressed the opinion that the weak compensation laws are 
an important factor in this lethargy. Dr. Manalo is now in the United States to 
obtain badly needed equipment, especially x-ray apparatus, and to familiarize him- 
self with some of the recent developments in industrial health 
services 


education and 
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Abstracts from Current Literature 


General 


BENZENE 


(Zenzoc) Data Sueet D-Cuem. 47. Nationat Sarety 
Chicago, Ill, National Safety News 61:36 (May) 1950. 


Aw Ovurtitne or Lecrures on HEALTH FoR MEDICAL STUDENTS. 
Harry Heimann, United States Public Health Service, Division of Indus- 


trial Hygiene, Feb. 1, 1950. 


This is a concise outline of industrial diseases, in true outline form, which 
Heimann designed originally with a view of preparing lectures for medical students. 
It deals with the pathology of organs, pharmacologic considerations, and causative 
agents, both organic and inorganic, as well as with physical agents, such as 
thermal environment, ionizing radiations, acoustics and illumination. Attention is 
given, further, to the preventative aspects of occupational disease. <A list of perti- 
nent texts is appended, together with an extensive bibliography of periodical 
literature comprising 655 entries, numbered according to the outline material 


B. H. Amour, Cambridge, Mass. 


Principces Guipingc tHE UMWA WELFARE AND RETIREMENT FUND: MEDICAL, 
HeaLtH AND Hosprrat Section. J. T. Morrison and H. Mayers, West 
Virginia M. J. 46:97 (April) 1950. 


Morrison and Mayers discuss some of the principles which have guided the 
United Mine Workers Welfare and Retirement Fund, particularly as it concerns 
the Medical, Health and Hospital Section. 

Arrangements were made with approximately 650 hospitals throughout the 
United States to render care to the beneficiaries of the United Mine Workers 
Fund. When information was first requested from hospitals concerning their will- 
ingness to participate and rates to be charged, the hospitals replied in diverse ways. 
After a brief experience with the program, some hospitals suggested that the Fund 
accept a daily charge instead of a detailed bill. Their reasons were: (1) that 


although some patients required many drugs, roentgenograms and laboratory pro- 


cedures, others needed few; nevertheless, costs could be averaged; (2) that the 
work in their bookkeeping departments would be simplified and reduced; (3) that 
income could be more accurately forecast for budgeting purposes; (4) that the 
medical staff could practice better medicine if the need for laboratory and roent 
genologic services were based on clinical findings instead of the ability to pay 

The authors further stress the importance of keeping down administrative costs 
and stress five principles which must be developed in order to accomplish this. 
1. The unit to be served must assume full responsibility for the certification of eligi- 
bility and the identification of persons who are to secure this service. This is done 
through the local unions, which are closely knit organizations, capable of assum- 


ing this responsibility. 2. Those who render the service, i.¢., doctors, nurses and 
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hospitals, must assume responsibility for policing themselves and for rendering a 
good quality of service at reasonable cost. 3. The area medical office which 
administers the Fund must remain a catalytic agent rather than assume police 
functions other than those of an ordinary buyer. It can stimulate improvement 
of the quality of medical and hospital service available to the entire community. 
4. It is the responsibility of the Fund to develop a flexible fiscal policy of payment, 
because the commodity purchased must remain flexible enough to mect human 
needs. 5. The agencies set up to render services to the community and paid for 


either by taxes or by donation must meet their several responsibilities, regardless 
of the presence of the Fund and the possibility of its assuming some financial 
responsibility. 


Physiology and Nutrition 


Errect or INTERMITTENT Positive Pressure BREATHING ON ResprRATORY Gas 
Excuance. H. L. Morey, L. P. Lane and B. Gorpon, J. Aviation Med. 


21:14 (Feb.) 1950. 


Intermittent positive pressure breathing has been used as an effective aid in 
anthracosilicosis and in such conditions as acute pulmonary edema, barbiturate 
poisoning and carbon monoxide poisoning. More recently it has been used to 
supplement the Drinker type respirator in the treatment of poliomyelitis. 

Its influence on cardiac output has been studied previously by means of quanti- 
tative measurements obtained by the catheterization technic 

In this paper the authors describe studies of the respiratory gas exchange, 
which were based on determinations of the oxygen tension of the arterial blood 


and analyses of expired air in 77 cases of emphysema and fibrosis 

All the patients were anthracite or bituminous coal miners who had long 
worked in the mines. There was no selection other than the rejection of patients 
with pulmonary tuberculosis, cardiac decompensation, cancer of the lung and other 
disabling medical conditions except fibrosis and emphysema. Dyspnea, cough, 


expectoration, weakness, loss of weight, chest pain and hemoptysis were the 


major complaints. 


Determinations were made during both ambient and intermittent positive pres 


sure breathing of compressed air. In the patients in whom the mean oxygen ¢ 
pressure gradient from alveoli to arterial blood (transfer gradient) was abnormally : 
elevated (20 mm. of mercury or more), the gradient was consistently reduced in ; 
a significant manner in the nonemphysematous group, and to a less extent in f 


patients with emphysema. 


The evidence suggests that intermittent positive pressure breathing increases 


the oxygen saturation of arterial blood and decreases the mean oxygen pressure 

gradient from alveoli to arterial blood by producing a more uniform alveolar 

aeration, achieved by inflating those alveoli which have impaired circulation of 

‘ air, which are mechanically obstructed by fibrosis with loss of elasticity and 
which are further hampered by bronchospasm 

The studies indicate that in the fibrosis of anthracosilicosis the distribution 

* factor is responsible for the increased oxygen gradient between the alveoli and the 

arterial blood rather than a true diffusion difficulty with an increased resistance 

of the pulmonary membrane. 
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ACCELERATION oF CARBON Monoxipe ELIMINATION IN Maw sy HiGu Pressure 
Oxycex. Necro Pace, Enrtgue StrAyJMAN and Eraine L. WALKER, Sci- 
ence 111:652, 1950. 


Ten volunteer subjects, 5 men and 5 women, after mild acute carbon monoxide 
exposure, breathed pure oxygen in a compression chamber at a gage pressure of 
22 tb. per square inch (1.5 Kg. per square centimeter) or about 2% atmospheres of 


absolute pressure. Considerable speeding up to carbon monoxide elimination 
resulted from breathing the pure oxygen under pressure. Interestingly the women 
subjects lost their carbon monoxide considerably faster than the men. 


The authors suggest that 1 hour of such treatment will probably be enough to 
reduce carbon monoxide—hemoglobin levels and that the treatment could be given 
safely with or without appropriate resuscitation devices. 


Puitip Drinker, Boston. 


Fooo ror Workers. R. E. Purr, Med 


depor. y trab. 14:2866 (Oct.) 1949 


Pupi studied the nutritional requirements of normal adult Argentinean workers 
and of normal pregnant Argentinean women. From the results, he establishes 
the requirements of food sold to workers in dining rooms of factories and industrial 


centers DeBarroso 


Occupational Diseases and Hazards 


Siperosis: A Benicn Pnreumoconiosts Due to tHe INHALATION oF IRoN Dust 
Part I: A CLINICAL, RoENTGENOLOGICAL AND INDUSTRIAL HYGIENE Stvupy 
or Founpry CLEANING Room Empvoyres. L, E. Hamutn and H. J. Wener, 
Indust. Med. & Surg. 19:151 (April) 1950 


The authors emphasize.the necessity of making a careful differentiation between 
silicosis and siderosis. It is difficult to do this from chest roentgenograms alone 
The amount of silica and of iron in the dust to which workers are exposed and 
the duration of the exposure must be considered. During the course of this study, 
69, or 268 per cent, of a group of burners and grinders employed in a foundry 
cleaning room were shown to have abnormal chest roentgenograms. Forty-six of 
these employees were selected for statistical study because their exposure had been 
constant for many years. Of these men, 67 per cent were found to have con 
tracted the abnormality within 10 years. Shadows appeared in 1 man in 2% years. 
Following the appearance of definite pulmonary shadows there was no progression 


in any case. Nine histories are presented, with the results of analyses of dust 
from their environment and fairly good reproductions of serial chest roentgeno 
grams. No postmortem analytic or histologic studies are presented 

The air of the cleaning room was examined by many dust counts, silica counts 
and atmospheric iron analyses. Roentgen ray diffraction analysis of a few 


samples was done, and 2 samples were fractionated as to size and examined chemi 


cally, petrographically and by roentgen ray diffraction. Nearly all the samples ana- ‘ 
lyzed were collected after the installation of a hydroblast designed to reduce silica 
content of the atmosphere. Most of the patients had been working for at least 
10 years before this hydroblast was installed. The dust counts averaged 25,000,000 


particles per cubic foot of air (about 40,000,000 per cubic meter). The percentage 


of free silica in the atmospheric dust ranged from 1.5 to 16.3. The silica 
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exposure was not considered significant The figures for atmospheric iron are 
stated to be well in excess of the highest published safe limit of atmospheric iror 
oxide 

The factors which favor the diagnosis of siderosis rather than that of silicosis 
in these cases are: (1) the early onset of the shadows in the roentgenograms 
(2) the lack of progression of the shadows, (3) the development of what was 
interpreted as tuberculous infection in several of the cases, without progression, 
(4) the lack of clinical symptoms and (5) the air analyses 

The paper following this concerns an experimental study of siderosis in animals 


using dust from foundry cleaning rooms R. K. I 


“UNKHOUSER, Cleveland 
PNEUMOCONIOSIS ON WESTERN AUSTRALIAN GOLDFIELDS K. G. Ovuturep, M. 
J. Australia 2:355 (Sept. 3) 1949 


Outhred outlines the work of the Commonwealth Health Laboratory at Kal- 
goorlie. He mentions the radiologic abnormalities found among the miners and 
discusses the course of pneumonoconiosis and the agysessment of incapacity. He 
states that more attention is now being given to the prevention of the disease 
PULMONARY ASPERGILLOSIS IN CoaL Workers. A. G. Herrieston and S$. R 
Guioyne, Thorax 4:168 (Sept.) 1949 


Heppleston and Gloyne present 2 cases in which an aspergillus infection, diag- 
nosed by postmortem examination, was associated with that form of pneumonoconi- 


osis which occurs in coal workers. The rarity with which dusty occupations and 


fungous infection are associated is attested by the fact that one of the 2 cases 


represents the sole instance of aspergillosis or of any other fungous disease that 
has been detected in over 650 necropsies performed on Welsh coal workers, while 
the other case is the only instance encountered in a miscellaneous group of 267 
necropsies on coal miners from various other coal fields in Great Britain 

The source of the aspergillus infection of these 2 coal workers is not known 
Cutaneous sporotrichosis in South African gold mines led Brown and co-workers, 
in 1947, to incriminate the timber used underground as the medium on which the 
fungous grew and from which infection occurred. No evidence is available, how 
ever, to show whether Aspergilli grown on timber in mines or whether moisture 
underground favors the appearance of this group of fungi, although Fawcitt, in 
1938, recorded the recovery of an Aspergillus from the air and the ore of a 
Cumberland hematite mine and from the sputum of a coal miner. Evidence against 
infection from an underground source in the cases presented here are the facts 
it 


that the disease appears to be of relatively short duration, whereas the men had 


ceased mining five and three years, respectively, before death 


Errect or ALUMINIUM ON TH ILIcos1s-Propuctne Action or INHALED QUARTZ 
E. J. Kine and others, Br vedus Lex :27 (Jan.) 1950 


Dusting experiments have been conducted in which rats were exposed for 


18 hr. a day to an atmosphere containing about 30,000 particles of pure quartz 


per cubic centimeter, on one and, and of quartz combined with 2 per cent of 


powdered aluminum, on the other 
Nodular reticulinosis was pres in the lungs of quartz-dusted rats from 
about the two-hundredth day and fully yped collagenous silicosis from about 


the three-hundredth day 
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The rats dusted with quartz plus aluminum had almost no reticulinosis in 
their lungs at 200 days and only very slight reticulinosis at 300 days. The longest- 
lived rats in this group (about 400 days) had reticulin nodules only a little more 
advanced than those in the quartz-dusted group at 200 days. 

There was just as much quartz in the lungs of the rats dusted with quartz 
plus aluminum as in those dusted with pure quartz. 

A retardation of about 200 days, or possibly a prevention, of the development 
of silicotic lesions of the lungs has been secured in these animals by the inclusion 
of 2 per cent of metallic aluminum powder in the quartz dust. 


From THE AutHors’ Summary. 


THe Heart In THE MOCONIOSIS OF COALMINERS. A. J. Tuomas, Brit. 
Heart J. 10:282 (Oct.) 1948. 


rhe author reports a clinical study, made in South Wales, of 96 patients with 
coal miners’ pneumonocon‘osis. Their disease ranged in severity from the 
earliest detectable stage to the final stage of advanced pneumonoconiosis and 
failure of the right side of the heart. Their ages ranged from 28 to 65 yrs., but the 
severity of the disease was not proportional to age. 

The clinical course is described as occurring in two phases, pulmonary and 
cardiac, The symptoms of the pulmonary phase were dy spnea, fatigue, cough and 
attacks of pain in the chest; the physical signs were similar to those of emphysema 
and chronic bronchitis without heart disease. The symptoms of the cardiac phase 
were severe dyspnea, debility, edema of the feet and ankles, and discomfort in the 
upper part of the abdomen; the physical signs were orthopnea, cyanosis, engorge- 
ment of the veins of the neck, warm hands, edema of the ankles, tenderness of 
the palpable liver, a full and usually regular perpiheral pulse and a triple heart 
rhythm. The blood pressure in all these patients was in the ranges 100-150 mm. 
systolic and 50-90 mm. diastolic: the majority were of the order 110 systolic 
and 70 diastolic. The hemoglobin levels were normal, except in 2 patients with 
subnormal values. Jaundice was seen in 2 patients; in 1 of them it was severe. 

Roentgenologic ¢ Xamination was of most value in detecting early involvement of 
the right side of the heart. Enlargement of the right ventricle appears as a promi- 
nence at the pulmonary conus artery segment, with straightening of the upper left 
cardiac border in the anterior view and an anterior bulge in the right anterior oblique 
view, confirmed by tomography in this position. The heart was seen to become 
elongated and to assume a vertical position, and the right ventricular outflow tract 

- became enlarged. These changes were most frequent in the advanced clinical grade; 
in 32 cases in this grade the long vertical heart shape was present in 21, and the 
enlarged right ventricular outflow tract in 24 


he electrocadiographic pattern was studied and proved useful in some cases: 


the patterns are described, and tracings are reproduced, Chest leads were recorded 
in all cases. In the tracings of 8 patients the pattern was that of pronounced 


ventricular hypertrophy; all these had 1 entgenologic evidence of right ventricular 


Prominence, and postmortem examination confirmed hypertrophy in 3 of them. 
The tracings of a second group of 8 showed a distinctive feature which was 
suggestive of right ventricular hypertrophy; 3 of these had failure of the right side 


t} 
of th 


he heart, and hypertrophy of the right side of the heart was found post mortem 


In 3 others there was roentgenologic evidence of right ventricular prominence. In 
all, 26 records showed abnormality, but only & showed the classic pattern of right 
ventricular predominance 
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Strain of the right side of the heart can persist for some years before the final 
stage of failure of the right side of the heart appears. Increase in pulmonary 
arterial pressure first affects the pulmonary second sound; then follow enlargement 
of the pulmonary artery and a dynamic enlargement of the right ventricular outflow 
tract; it is only when this tract is hypertrophied that changes in the clectrocardio- 
graphic pattern can be expected 

Correlation of the changes in the heart and the lungs is difficult to establish. 
Strain of the right side of the heart was present in this series without severe 
bullous emphysema; but focal emphysema, reticulinosis and pulmonary vascular 
changes may have been present. In such cases clinical disability is slight, but this 
investigation has suggested that pulmonary hypertension was already present. 


From or HyGrene. 


Industrial Toxicology 


FLvuorosis witH Report or AN Apvancep Case. L. G. T. 5. OvuTER- 
BRIDGE and Hai-Penec Lei, Canad. M. A. J. 62:135 (Feb.) 1950 


The authors report the discovery of an endemic center of fluorine poisoning 
in Southwestern China. The toxicity of the drinking water produced a disabling 
arthritis and spondylitis. Similar changes have been observed in cryolite workers. 
It is suggested that such arthritic changes may be due to fluorine poisoning more 


often than is suspected. D. Rosvcn. Boston 


EXPERIMENTAL Propuction of MALIGNANT Tumors Berytorum. J. M. 
Barnes, Lancet 1:463 (March) 1950 


A summary of the results of two sets of experiments is presented. In the 
first series a total of 28 rabbits survived a course of intravenous injections of 
zinc-bery!llium sHicate and beryllium silicate; of these, 7 have bone sarcoma and 
5 remain alive 2.5 years after the injections. The tumors have all the histologic 
characteristics of the bone sarcoma seen in man and resemble tumors produced 
in rabbit bones by radium. In March of 1949 a water suspension of finely divided, 
washed beryllium metal was administered to a group of 24 young rabbits as the 
first of a series of intravenous injections, each animal receiving 40 mg. of the 
metal; within 7 days, 9 rabbits died of acute necrosis of the liver, and within 
the next month 10 more died. Of the remaining 5 rabbits, 2 have died of pulmonary 
infections, while 2 have characteristic bone sarcomas. The author concludes that 
there seems to be little doubt that beryllium is capable of producing neoplasms in 


he rz 
the rabbit From Nvuciear Science ABSTRACTS 


ANILINE PotsoNING IN INFANTS. A. Sintos, Med. Klin. 44:114 (Jan. 28) 1949 


In the children’s section of the hospital attended by the author 10 of 20 
infants, of ages ranging between 4 wk. and 5 mo., suddenly, some within a 
period of minutes, became faintly cyanosed and seemed dull and listless, but without 
any interference with respiration or any rise of temperature; in fact, no physical 
sign except a darkish color of the blood was found, and the author thought of 
methemoglobinemia The children were in separate cubicles and there was no 
common drug or article of food which could be incriminated 

Investigation revealed that these 10, and they only, had been supplied with new, 
unwashed napkins, and at the top end, on which their heads rested, there was a 


deeply colored marking stamp. The stamp was made with nigrosin, an aniline dye 
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purified with nitrobenzene. Infants, says the author, sweat very readily at the 
back of their heads and absorption had taken place there. It may be also that 


sweat favors solution of the coloring matter. 


From THE BULLETIN oF HYGIENE. 


CrHronic Benzene Porsontnc Amonc SHoe Workers. I. Nirsey, Nord. med. 
42:1225 (July 22) 1949 


Of late years 7 persons have been treated for chronic benzene poisoning 
in a Swedish hospital (Orebro). Benzene is used as a solvent for shoe cement, 
and during the war, when benzine (benzoline, a petroleum product) was scarce, 
benzene was much used in the boot and shoe industry. Analyses of shoe cement 
after the war have shown that benzene continues to be used as a solvent without 
its name being always plainly put on the wrappers. Pure benzene is also still 


being used on shoe soles of raw rubber. The detailed reports of these 7 cases 


ot benzene poisoning stress the extremely bad prognosis. The patients died, 


though they were admitted to hospital only a few weeks or at most a couple of 


months after the first appearance of symptoms and were treated intensively with 


liver, folic acid, iron, vitamins and repeated blood transfusions. 


Chronic benzene poisoning does not, apparently, present a well defined morbid 
picture. In most of the 7 cases there was marked leukopenia, and even thrombo- 


penia, but there was also a case in which the number of thrombocytes was normal 


There was no eosinophilia. The most constant condition was marked anemia, 


which in most cases was of the hyperchromic type. Biopsy of sternal marrow 


yielded varied results, the tissues ranging from aplastic to hyperplastic. Nilsby 


recommends various prophylactic measures, and he suggests that in the shoe 


industry it should be possible to replace benzene with pure benzine. When 


benzene is used, everyone working with it should know what. risks he takes 


with it. Benzene is the more dangerous inasmuch as manifestations of poisoning 


may first appear months or years after exposure to it. 


From THE BULLETIN or HYGIENE. 


Medicine and Surgery 


\ CONSIDERATION OF THE ROENTGEN DIAGNOSIS OF CHRONIC PULMONARY GRAN 
ULOMATOSIS OF WorKkers. <A. G. Ropert, Am. J. Roentgenol 
63:467 (April) 1950. 


According to Robert, chronic pulmonary granulomatosis occurring in beryllium 
workers is characterized primarily by exertional dyspnea, loss of weight, cyano- 
sis and roentgenographically demonstrable changes within the lungs. Its occur 
rence has been reported from such diverse industrial processes as the extraction 
of beryllium from the ore; the manufacture of fluorescent powders, fluorescent 
lamps and neon signs; various metallurgic operations, and certain projects cate 
gorized as research in the production of atomic energy. 

The roentgen manifestations of chronic pulmonary granulomatosis due t 
beryllium are extremely protean and of three types; i.e., the granular, the reticular 


and the nodular are generally recognized. The granular form presents a gen- 


eralized stippled or “fine sandpaper” appearance. In the reticular type there is 7 
i diffuse granularity, but, in addition, an overlying generalized reticulation may 
be observed. The nodular type is characterized by the presence of diffuse nodu 


lation, as shown in the roentgenogram. In contrast to the pattern of nodular 
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pneumonoconiosis the nodules are less well defined and are associated with an 
underlying diffuse granularity. Both lungs are involved in all three forms. To 
date it has not been possible to demonstrate regularly a distinct transition from 
one form to another, and there is no clearcut succession of stages through which 
any given case must pass. The factors of paramount importance are the nature 
of the lesion, the extensiveness of involvement and the patient's inherent ventila- 
tory and circulatory capacities, rather than a roentgenographic estimation of the 
“stage” of development of the pulmonary lesions. There are meager indications 
that the types now recognized are all late manifestations of chronic pulmonary 
granulomatosis and that there may be a preliminary and perhaps transitory phase 
comparable to the acute form but so mild in degree that it escapes recognition. 

Despite the presence of a characteristic granularity occurring ‘in conjunction 
with other findings in most cases of chronic pulmonary granulomatosis, the 
roentgenogram alone does not present a picture sufficiently characteristic to war- 
rant a definite diagnosis. The roentgen manifestations, along with the symptoms, 
physical and laboratory findings, and the occupational history, must be subjected 
to critical correlation. More frequent serial roentgenograms of all exposed per- 
sonnel and more careful follow-up studies of those persons now lost to observa- 
tion would add considerably to the current knowledge of the epidemiologic 
character and the behavior of the disease and would accelerate an eventual under- 
standing of the problem as a whole. 


Stupy oF PLant AND Function or SMALL Hospirat 1N CONNECTION WITH 
Mrinrinc Inpusrry. G. Montesano, Rassegna di med. indust. 18:204 (Sept,- 
Oct.) 1949. 


Montesano describes the work carried on in a small hospital built by a mining 
industry in the Alps. The statistical data cover a period of nine years and four 


branches of activity: outpatient service, first aid, hospitalization and industrial 
service, with special regard to health examination prior to work and annual control 
examination to detect diseases arising from dust exposure. In this period the 
hospital had taken care of 6,646 patients. A total of 1,400 persons injured in 
accidents had been treated. Preemployment examinations had been done on 5,480 
applicants. Routine fluoroscopic observations had been carried out on workers 
since 1942, and a total of 3,398 had been observed in nine years. Environmental 
conditions were studied to prevent diseases associated with dust and rheumatic 
and respiratory diseases. 


Environmental Conditions 


METEOROLOGY AS A Factor 18% Pottutron. H. C. Witrett, Indust. Med 
& Surg. 19:116 (March) 1950 


The author specifies the meteorologic factors involved in affecting concentrations 
of air pollutants, such as precipitation, air motion and the shielding effect of fog or 
smoke (smog). He also evaluates the weather factor in the potential pollution 
hazard for a selected locality—affecting both the location of new plant sites and 
any decision respecting the necessity of precautionary measures in established 
industrial communities. This is accomplished by use of monthly charts of normal 
pressure and winds aloft, and weather bureau statistics [he role of local 


topography is also important. Cart Eric Hotsgutst, Boston 
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Ditution ANp Its Part us Errective Controt. Georce R. 
and Moyer D. Tuomas, Indust. Med. & Surg. 19:121 (March) 1950. 


Dilution of sulfur dioxitle forms the principal discussion in this paper. This 
gas was the only one found in appreciable concentrations when surveys were made 
in Pittsburgh, St. Louis, Detroit, Philadelphia, Camden, N. J., and Washington, 
<. 

The authors have found that tall stacks and high flue gas temperature reduced 
the ground level concentrations of sulfur dioxide. The results are in accordance 
with the formulas advanced by Bosanquet and Pearson, and Sutton, which state that 
the ground concentration varies directly with the mass of contaminant emitted 
and inversely with the wind velocity, and that the maximum concentration at 
ground level varies inversely as the square of the chimney height. Since the 
coefficient of absorption of sulfur dioxide by various objects is higher than that 
of almost any other contaminant, the concéntration of sulfur dioxide in the air is 


usually lowered. Cart Hoctmeuist, Boston 


Determination of Air-Borne Contaminants 


SpectrocrareHic DETERMINATION OF BERYLLIUM IN Atk Dust SAMPLES. GEORGE 
Pererson, Georce Wetrorp and Joun Harvey, Analyt. Chem. 22:507 
(March) 1950 

A spectrographic method of determining beryllium in air dust collected on filter 
papers has been developed, The procedure may be used with all types of filters, 


including pleated gas mask filters which contain about 150 mg. of ash. The range 


covered is from 0.0025 to 10 ag. of beryllium on the electrode, and aliquots of one 


twentieth of the total sample were used. 


The filter paper is wet or dry ashed, treated with hydrofluoric and sulfuric 
acids, and taken to dryness. The resultant material is dissolved in hydrochloric 
acid, and the iron, aluminum and other metals are removed by precipitation with 
oxime in acetate-buffered solution. The excess oxime is removed with chloroform, 
and the beryllium is precipitated as hydroxide, 2.5 mg. of aluminum being used as 
carrier. The hydroxide is dissolved in sulfuric acid, and the volume brought to 
l of 1 to 3 acid. Aliquots of this solution are used for the spectrographic 
analysis 

A 0.05 cc, portion is transferred to each of three cupped, waterproofed carbon 
electrodes containing about 45 mg. of sodium chloride as spectrographic buffer and 
carrier. Excitation is with the d.c. arc at 10 amp. for 2 minutes, and the spectrums 
are recorded on Eastman 33 plates with a Baird 3 M. spectrograph. 

The average of triplicate density ratios of Be 2348/A1 2367 or Be 2650/A1 2367 
are used as the analytic curve function. Check analyses show a relative error of 
+ 20 per cent except at the extreme lower range ° 

The advantages of the method over those previously published are: a more 
uniform matrix regardless of the type of filter, the large useful range, the use of 
triplicates with the possibility of diluting the remainder of the solution if necessary, 
freed from background on the plate, and satisfactory sensitivity, even with a 


spectrograph 


Apaptep From J. A. M. A 
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Legal Medicine 


INJURIES OF THE Meniscus 1N Miners. F. Linoe, Monatsschr. f. Unfallh 
§2:129 (May) 1949 


According to Linde, there are several factors because of which mimers may 
be imperiled particularly by accidental injuries of the meniscus, namely, roughness 
of ground and body movements, darkness, mountainous underground work, 
and the peculiar position in which miners are frequently working, sitting on their 
heels with the points of the feet turned outward. The medial meniscus adheres 
to the internal lateral ligament, and stretching of the meniscus between the lateral 


ligament and the anterior insertion occurs on bending of the knee Thus the 


meniscus is pushed deeper into the inner joint, and this position of the meniscus 
is intensified by the simultaneous outward rotation of the leg. A certain condition 
of inertia results if the miner remains in this position for some time, and injury 
of the meniscus may result from a sudden change of the position of the knee 

For logical reasons and according to equity, an injury of the meniscus in a 
miner is to be considered as the result of an occupational accident, and compensa 
tion should be granted accordingly, provided that it cannot be proved that the 
injury was sustained out of the mine. It does not seem justified to make granting 
of compensation dependent on the usual proof of the detailed course of events and 
of time. The singular anatomic and physiologic conditions compel one to abandon 


the claim for such proof 
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Book Reviews 


Principles of Medical Statistics. By A. Bradford Hill, D.Sc., Ph.D. Fifth 
edition. Pp. ix + 282, with 44 tables and 13 illustrations. Price 10s.6d 
The Lancet Ltd., 7 Adam St., Adelphi, London W.C. 2, 1950. 


It is only two years since a largely revised and somewhat expanded fourth 
edition of “Bradford Hill” appeared after a long interval, and it may be asked 
what led the author to another revision in so short a time. Actually, little new 
material is incorporated in the body of the book, which wisely remains one of 
the shortest competent and comprehensive treatments of the field of statistics in 
medicine and hygiene, as well as one of the best. A few paragraphs have been 
added to help clear the vexing questions involved in setting up a well controlled 
test; several minor errors have been eliminated, and the material dealing with the 
median has been clarified and corrected. 

The main change in this edition is the inclusion of a set of 25 exercises (and 


addition 
will greatly increase the usefulness of the book to students who want to acquire 


answers) dealing with procedures discussed in various chapters. This 


a working knowledge of statistical methods without being able to take a formal 
course, or to those who need to refresh their knowledge after a period of absence 
from the discipline. The problems are designed to be solved with a minimum of 
calculating machinery, though they inevitably do involve some arithmetic pro- 


cedures, This reviewer is heartily in accord when Professor Hill says “I am 


more than a little suspicious of the practical statistician, or would-be statistician, 

ho is 2 “do ari tic.” 
who is frightened or bored by arithmetic Huco Murncn, M.D. Boston 
Professor of Biostatistics, Harvard School of Public Health 


A. M. A. Handbook of Physical Medicine and Rehabilitation. Pp. 573, 


with 56 illustrations. Price $4.25. The Blakiston Company, 1012 Walnut 
St., Philadelphia 5, 1948 


CORRECTION 


In the article by Drs. Frank Princi and Erving F. Geever, entitled “Prolonged 


Inhalation of Cadmium,” which appeared in the June issue of the ARCHIVES OF 
INpUsTRIAL HyGtene AND OccuPaTIONAL Mepictne (4: 651, 1950) the atmos 


pheric concentrations of cadmium reported by Hardy and Skinner as causing 


symptoms in a group of workers should have been stated as 0.06 to 0.68, instead of 


to O8 mg., per cubic meter as was age 652. On page 653. the 
ations reported by Friberg should have been stated as 900 mg. per cubic 


meter rather than 900 mg. per cubic centimeter 
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which is employed to measure vital 
capacity, supplied objective evidence 
of the relief obtained in asthmatic 
patients receiving Orthoxine* Hydro 
chloride. This product is the remark- 
ably selective bronchodilator dis- 
covered and developed by Upjohn 


research workers. 


Relief from respiratory distress is ob- 
tained with Orthoxine Hydrochlo- 
ride administered orally. Side effects 
referable to the cardiovascular and 
central nervous systems ~often associ- 
ated with certain sympathomimetic 


pressor amines—are minimal. 


* Trademark, Reg. U.S. Pat. Off. Brand of methoxyphenamine 
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SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the heip they are seeking in this modern 
series of pamphlets by Dr. Thurman B. Bice Being a physician, 
biologist and teacher, as well as the father of a family, Dr. Rice 
is well equipped to deal with this difficult subject properly and 
helpfully 


THOSE FIRST SEX QUES- HOW LIFE GOES ON THE AGE OF ROMANCE 
TIONS For girls of high school age. For young men and women, 

For the parents of very young Their role as mothers of to- dealing with the problem as 

children Answers to the morrow, 44 pages. 25 cents. a unit for beth sexes. 44 

groping questions of the lit- Pages. 25 cents. 

tlest ones. 40 pages. 25 cents IN TRAINING 


THE STORY OF LIFE For boys of high school age, 

For boys and girls ten years interpreting their adolescent 25¢ each 

of age, telling them how the development in terms of ath- Set of fi P 
young come to plants and letic and other achievements. of five in 


— parents. 36 pages. 25 = 50 ages. 25 cents file cose, $1.00 


@ FOR ADULT READING 


SEX EDUCATION FOR THE PRE- SEX EDUCATION FOR THE MARRIED 
SCHOOL CHILD COUPLE 
By Harold E. Jones and~ Katherine By Emily Hartshorne Mudd. 12 pages 
Read 12 pages 15 cents 15 cents 
Sex EDUCATION FOR THE TEN SEX EDUCATION FOR THE WOMAN 
EAR OL AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cents 
GETTING READY FOR MARRIED LIFE 
By George W. Corner and Carney By Howard Dittrick 29 pages 2 
Landis 20 pages 15 cents. cents 
THE FACTS ABOUT SEX HELP FOR CHILDLESS COUPLES 
Vuantity prices Also ee By Audrey McKeever To be read by By J. D. Wassersug. 6 pages. 10 cenis 
quoted on request parents or children 16 pages 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS THE WORD YOU CAN'T SAY (MAS. 
ON MENSTRUATION TURBATION) 
AMERICAN MEDICAL ASSOCIATION By Margaret Bell. 8 pages. 10 cents. By Hannah Lees. 8 pages. 10 cents. 


535 North Dearborn Street 
Chicago 10, ti. 


By Marjorie Bolles. 12 pages 15 
cents 


SEX EDUCATION FOR THE ADO- 
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SIMPLE TEST PROVES INSTANTLY 
PHILIP MORRIS ARE LESS IRRITATING 


Now you can confirm for yourself, 
Doctor, the results of the 
HERE 1S ALL YOU DO: 


... light upa 
Puitip Morris 
Take a puff —- DON'T INHALE. 


Just s-l-o-w-l-y let the smoke come 
through your nose. AND NOW 


... light up your 
present brand 


DON'T INHALE. Just take a puff 
and s-l-o-w-l-y let the smoke come 
through your nose. Notice that bite, 
that sting? Quite a difference from 
PHILIP Morris! 


With proof so conclusive . . . with 


your own personal experience added 


to the published studies* . . . would 
it not be good practice 
to suggest PHILIP Morris 


to your patients who smoke? 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 


*Proc. Soc. Exp. Biol. and Med., 1934, 32, 241-245; N. Y. State Journ. Med., Vol. 35, 6-1-35, No. 11, 590-592; 
Laryngoscope, Feb. 1935, Vol. XLV, No. 2, 149-154; Laryngoscope, Jan. 1937, Vol. XLVII, No. 1, 58-60 
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Watery Grave. 


fer tactetta 


Rapid, convenient, effective disinfection of 
instruments without heat, steam or odorous chemi- 
cals. It’s easy with Meraruen Disinfecting Solution. 
In the absence of blood or exudate, METAPHEN 

Disinfecting Solution kills common nonsporulating 
pathogenic bacteria (except tubercle bacilli) in ten 
minutes, Other advantages: 

e It does not produce heat, fumes or offensive odors. 
e It leaves instruments ready for instant use. 
@ It keeps the chain of asepsis unbroken. 
e@ It does not injure temper, finish or cutting edges 
of instruments. 
Uf Me e It does not irritate skin or tissue. 
4 @ It is stable and nonvolatile. 


XY Mertaruen Disinfecting Solution retains its potency 
Nover a long period. Tests made under office conditions 
showed that the effectiveness of the solution was not 
diminished even after one month of continual use. Give 

cold disinfection with time-saving Metraruen Disinfect- 


ing Solution a trial now. Available in 
handy 1-quart and l-gallon bottles. Abbett 


Note the name 


Disinfecting Solution 


{Contains Metaphen (Nitromersol, Abbott) 1 :2500} 
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